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PRKKACK. 


This,  the  Eighth  Scientific  Report  issued  by  the  Imperial  Cancer 
Research  Fund,  consists  of  reprints  of  pa|)ers  published  in  vnrions 
journals  since  the  issue  of  the  Seventh  Soientitic  Report  in  1921,  and 
hitherto  unpublished  communications.  The  papers  fall  into  two  groups. 
Those  at  the  beginning  of  the  Report  deal  with  the  behaviour  and 
character  of  cells  already  cancerous.  Dr.  RusselPs  two  papers  on 
Carbohydrate  Metabolism  of  surviving  Normal  Tissues  and  Tumours, 
Dr.  Cramer's  discussion  of  the  Relation  of  Vitamin  Deficiency  to  the 
Growth  of  Cancer,  and  Dr.  Drew's  two  papers  on  Tissue  Culture  come 
into  this  category. 

Those  in  the  second  group  deal  with  the  induction  of  cancer  :  the 
changes  which  colls  undergo  in  becoming  cancerous.  Dr.  Begg's 
descriptive  account  of  Infiltration  in  Tar  Carcinoma  heads  this  part  and 
partakes  partly  of  both  categories.  Dr.  Russell's  work  on  the 
Production  of  Tar  Sarcoma  and  my  own  paper  on  Primary  and 
Secondary  Resistance  to  the  Induction  of  Cancer  are  followed  by 
Dr.  A.  Scott's  Monograph  on  Paraffin  Dermatoses  and  Cancer  in  the 
Operatives  of  the  Scottish  Shale  Oil  Industry.  The  Executive 
Committee  have  decided  on  the  inclusion  of  Dr.  Scott's  paper  as  it 
embodies  the  results  of  an  unintentional  experiment  on  a  large  scale  on 
the  human  subject,  carefully  observed  and  recorded  over  a  long  period. 
As  the  same  favourable  conjunction  of  material  and  observer  is  unlikely 
to  recur  it  was  deemed  advisable  to  make  an  adequate  permanent  record 
of  it  widely  available. 

J.    A.    MURRAY, 


\  Eighth  Scientific  Ife/tort  of  the  /infU'vinl  Cancer  lietearrh  Fund.  192.^.] 


THE  CARBOHYDRATE   METABOLISM   OF   SURVIVING 
MOUSE   TISSUES   AND   TUMOURS*. 

By  B.  R.  G.  RUSSELL. 


TriFi  present  communication  may  I)e  ref^arded  as  a  continuatit)n  of  a 
paper  by  the  author  and  W.  H.  Woglom  (1920),  published  in  the  first 
vohime  of  this  Journal  *.  On  that  occasion  a  method  was  descrilxjd  of 
ascertaining  the  <^aseous  exchange  of  surviving  tissues  of  the  mouse,  and 
especially  of  arriving  at  the  ratio  of  the  carbonic  acid  output  to  the 
oxygen  intake — that  is,  the  respiratory  quotient.  The  reader  is  referred 
to  that  paper  for  the  details  of  the  procedure  adoj)ted,  which  may  here 
be  briefly  described  as  consisting  in  the  measurement  of  the  changes  of 
volume  observed  in  an  air  space  containing  a  known  amount  of  finely- 
divided  tissue  or  tumour  suitiibly  disposed  to  facilitate  the  respiration  of 
the  cells.  The  apparatus  employed  was  a  modification  of  the  well-known 
Barcroft  blood-gas  analyser,  and  the  same  instruments,  three  in  number, 
have  been  used  for  the  experiments  about  to  be  recorded. 

A  series  of  observations  done  in  the  above  manner  gave  differences, 
which  we  regarded  as  significant,  in  the  case  of  the  several  normal 
tissues  examined,  namely  kidney,  liver,  mamma,  submaxillary  gland  and 
embryo.  Six  strains  of  transplanted  tumours  gave  still  greater  difl''er- 
ences  in  their  average  respiratory  (piotient,  and  the  quotient  in  the  more 
rapidly  growing  tumours  was  found  to  be  iiigher  than  that  of  the  more 
slowlv  growing  tumours.  Interpretation  of  th«'se  results  in  terms  of 
the  food-stuflts  being  burnt  led  to  th^*  general  conclusion  that  therapidlv 
growing  neoplasms  kat4ibolised  more  carbohydrate,  whilst  those  of 
slower  growth  burnt  m;iinly  fat.  One  notable  exception  to  this  gene- 
ralisation was  found  with  a  tumour  of  medium  rate  of  growth,  which, 
nevertheless,  gave  the  highest  quotient  found.  This  particular  strain 
was  distinguished  in  another  respect  from  its  fellows,  as  its  cells  always 
contained  a  considerable  amount  of  glycogen.     Consideration  of  these 

•  Reprinted  by  i)ermifisit.n  from  tlie  '  British  Journal  of  ExpenmentHl  Pathology,' 
Vol.  iii.  No.  1  (Febiunry  \9'2'2). 
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facts  at  once  raised  the  further  question  :  Does  a  low  respiratory  quo- 
tient mean  that  a  tumour  strain  can  only  consume  carbohydrates  to  a 
limited  extent,  or  does  it  only  mean  that  in  the  parenchyma  there  is  no 
readily  available  supply  ?  A  comparison  of  the  results  obtained  with 
normal  kidney  and  liver  showed  that  with  an  abundant  supply  of 
glycogen  in  the  case  of  liver,  the  quotient  found  was  appreciably  lower 
than  that  of  the  kidney  which  was  free,  at  least  histologicallj^,  from 
glycogen.  Liver,  also,  did  not  react  in  the  same  way  to  its  cai'bo- 
hydrate  content  as  the  glycogen-bearing  tumour  mentioned  above. 
Further  experiments  were  necessary  to  test  the  question,  and  these  took 
the  line  of  adding  small  amounts  of  different  sugars  to  the  tissue 
emulsion  before  placing  in  the  respirometer  bulb. 

The  sugars  tested  were  in  all  cases  made  up  into  a  solution  containing 
two  parts  pro  mille.  As  diluent,  Einger  solution  could  not  be  used 
because  oE  the  bicarbonate  present,  and  a  0"85  °/q  saline  solution  made 
with  tap  water  was  adopted.  The  tissue  emulsion  was  spread  in  a  thin 
uniform  layer  on  one  side  of  a  rectungular  slip  of  tissue  paper  which 
was  then  floated  on  a  small  pool  of  sugar  solution.  The  emulsion  ad- 
heres to  the  filter-paper,  and  allows  the  excess  of  solution  to  drain  off. 
It  was  next  placed  on  a  slip  of  glass,  and  introduced  into  the  respirometer 
bulb,  where  the  further  treatment  was  exactly  similar  to  that  already 
described  in  the  previous  communication. 

The  taking  up  of  sugars  by  surviving  tissues  such  as  the  mammalian 
heart  has  been  the  subject  of  investigation  by  a  number  of  experimenters, 
and  the  points  of  more  innnediate  interest  will  be  found  in  the  papers 
by  Locke  and  Rosenheim  (1904),  Rohde  (1910),  Neukirch  and  Rona 
(1912),  Maclean  and  Smedley  (1913),  Evans  (1914),  and  Starling  and 
Evans  (1914).  Usually  the  consumption  of  glucose  has  been  estimated 
from  analysis  at  intervals  of  the  perfusing  fluid.  A  useful  summary  of 
this  work  is  given  by  Starling  and  Evans,  who  have  further  shown  that 
the  results  obtained  by  this  method  agree  with  the  calculation  made  on 
the  results  of  gaseous  metabolism  experiments  on  the  hoart-lung  prepara- 
tion of  the  dog.  Evans  found  that  the  addition  of  glucose  to  the 
circulating  fluid  raised  the  respiratory  quotient  by  increasing  the  COg 
output,  but  a  greater  increase  could  be  obtained  by  previous  carbo- 
hydrate feeding  of  the  living  animal.  It  was  especially  the  work  of  these 
two  authors  which  encouraged  the  writer  to  persevere  in  the  attempt  to 
analyse  the  carbohydrate  metabolism  of  transplanted  tumours  on  the 
same  general  principle. 

A  number  of  preliminary  observations  were  made  with  mouse-kidnev 


3 

cinulMion  willi  the  ospecial  object  of  U8c«rt(iinin;r  tlie  effect  of  the  saline 
sohition,  and  further  of  finding  a  suitable  strength  of  sugar.  A  j^eries 
of  six  exporinionts  was  carried  out  wiih  iiidney  enmbion  in  saline,  and 
tljc  respiratory  (juotients  determined  will  bo  found  in  the  bottom  row  of 
Table  I.     The  mean  quotient  is  0*877  ±  O'OOtl,  and  approximates  very 

Taule  I. — Mouse  Kidiu'ij.  The  ujtjt&r /iynren  in  each  observation  are  the 
respiratory  quotients ;  the  lower  fiy are s  [in  brackets)  give  the  oxygen 
consumption  in  c.c.  per  kilogramme-mintite. 


Arerage. 

niucose 

()-<)(M{ 

0-943 

0-941 

0-952 

0-932 

0-940 

0-940  ±  0-006 

— 

— 

(2(V9) 

(20-7) 

(20-8) 

(18-0) 

Ln3Vulo8e  .  . .  . 

0-928 

0020 

()-!)14 

0-918 

0-957 

0-951 

0-931  ±  0-007 

(22-0) 

(21-8) 

(2o-2) 

(24-0) 

(25-5) 

(20-9) 

Galactose  .  . .  . 

0-888 
(21-9) 

0-88« 
(20-7) 

-844 

(17-7) 

•• 

0-873 

Maltose 

.       0-919 

0-939 

0-91o 

0-949 

, , 

. , 

0-930 

(19-4) 

(i7-l) 

(25-7) 

(20  7) 

Sftcclinro.se. . . 

.     o-8J»r, 

0-898 

0-891 

0-872 

0-880 

(14-7) 

(221) 

(22-4) 

(22-8) 

Lactose  . . . . . 

.       09.3,'i 

0-890 

0*877 

0-88(5 

0898 

(22-4) 

(24-6) 

(24-r,) 

(19-J 

Saline 

0-871 

0'86.". 

0-883 

0-868 

0-880 

0-868 

0-877+     006 

(21-2) 

(18-4) 

(16-.-.) 

(21  1) 

(17-7) 

(17-1) 

closely  to  the  figure  previously  found  for  untreated  kidney  emulsion, 
namely  0'883  +  0-002.  The  rate  of  absorption  of  oxygen  varies  fairly 
widely,  but  does  not  betray  any  deleterious  action  by  the  saliae  solution, 
which  can  be  regarded  as  suitable  for  the  purpose  in  every  way. 
Glucose  was  next  added  to  the  saline  in  increasing  amounts,  and  a 
strength  of  two  parts  pro  mille  was  found  to  give  a  distinct  rise  in  the 
respiiatory  quotient.  This  strength  was  adhered  to  throughout  the 
series  of  experiments,  and  was  also  adopted  for  the  other  five  sugars 
tested.  Gravimetric  determination  of  the  amount  of  sugar  solution 
iujbibed  by  the  filter-paper  antl  tissue  emulsion  showed  that  enough 
sugar  was  taken  up  to  cover  the  needs  of  the  cells  over  the  duration  of 
the  experiment.  The  sugars  tested  were  only  those  of  phvsiological 
iujportance. 

On  Table  I.  the  respiratoiy  quotients  and  the  oxygen  consumptions  are 
given  for  kidney  emulsion.  For  lucidity  the  average  respiratory  quo- 
tients are  given  in  Fig.  1  as  abbreviated  columns.  From  this  it  will  be 
seen   that  the  addition  of  glucose,  la?vulose  or  maltose  has  raised  the 
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respiratory  quotient  to  an  appreciable  extent.  The  deviation  observed 
with  galactose,  saccharose  and  lactose  is  too  small  to  be  regarded  as 
significant.  It  is  a  difficult  matter  to  decide  the  figure  to  be  exceeded 
before  the  result  can  be  looked  upon  as  a  definite  answer  to  the  question 
as  to  whether  the  sugar  is  being  consumed  or  neglected.  In  arriving 
at  a  conclusion  such  different  factors  as  the  consistent  results  given  by 
any  tissue  and  the  margin  for  experimental  error  in  the  method  used 
have  an  important  bearing.  Starling  and  Evans  (1914)  concluded  that 
only  a  rise  of  more  than  "05  in  the  mean  quotient  could  be  regarded  as 
indicating  an  increased  consumption  of  sugar  by  a  diabetic  heart  to 
which  pancreas  extract  had  been  administered.  The  addition  of  glucose, 
Ifevulose  and  maltose  to  mouse  kidney  has  increased  the  mean  quotient 


Fig.  1. — Diagram  to  show  the  effect  of  sugars  on  the  respiratorv 
quotient  of  kidney  emulsion. 


by  a  trifle  more  than  '05,  and  the  evidence  in  favour  of  their  con- 
sumption is  quite  conclusive.  Since  the  respiratory  quotients  found  by 
the  method  are  remarkably  uniform,  one  would  be  iustified  in  rcoardino- 
a  much  smaller  variation  as  of  importance. 

The  rate  of  oxygen  consumption  is  also  given  in  Table  I.,  and  it  will 
be  seen  that  this  shows  the  usual  wide  variations  found  by  this  method, 
which  are  attributable  to  different  degrees  of  fineness  of  the  kidnej^ 
emulsion,  and  varying  degrees  of  thinness  of  the  layer  spread  on  the 
piece  of  filter-paper.  In  general  there  is  no  distinct  alteration  of  the 
rate  of  oxygen  consumption,  and  the  increased  quotient  obtained  by 
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lifting  glucose,  Irevulose  and  niultose  must  be  n^criled  (u  an  actual 
increase  of  tlio  COj  given  off.  Nenkirch  and  Itona  (1912)  found  that 
the  perfused  rabbit  heart  used  glucose  and  galactose,  but  not  Isevulose, 
saccharose,  lactose  or  nialtose.  Sin)ilar  results  were  got  by  Maclean 
anil  S'.nedley  (I'.U.'i),  excepting  only  that  in  the  case  of  the  dog  la.«vulose 
was  retained  in  varying  quantities.  It  would  appear,  therefore,  that 
minced  mouse  kidney  behaves  differently  towards  maltose  and  Icevulosc. 
Ijjovulose  prepared  from  innlin  gives  the  same  rise  in  quotient  with 
mouse  kidney,  so  that  its  consumption  must  be  regarded  as  real  and  not 
attributable  to  the  presence  of  glucose  as  an  impurity. 

A  number  of  experiments  were  next  done  with  minced  liver,  and  the 
results  arc  given  in  Table  II.     The  respiratory  quotient  for  this  tissue 

Table  II. — Mouse  Licer,  The  upper  /iijures  are  respirator^/  quotients; 
the  lower  (//*  bravkets)  give  oxygen  consumption  in  c.r.  per  kilogramme- 
minute. 

Glucose 0-1J52    0-7()9    0'893 

(94)      (70)      (8-2) 

Lwvulose  ....         0-830    0-850    0*889 

(8-9)      (7-3)     (7-8) 

(JalRctose 0-778      0-722 

(8-4)       (8-7) 

Maltose 0-8r>6    Ob«0    0-700    0802       . .  . .    , 

(8-2)      (7-4)     (7H)     (10-8) 
Sacclinrose    . .  . .  . .  . .  0-813      0-772 

(7-9)      (10-0) 

Lactose 0-856    0'84l        ..        0*847      .. 

(8-8)     (8-4)  (9-2) 

Saliiu' 0-801     0-829    0-850    0-704    OHJl     0-734     0.818    0-817    0-7e5 

(8-0)      (7-0)      (7-7)     (TS)      (80)     (8-1)     (90)     (8-4)     (100) 

varies  rather  widely,  and  it  was  necessary  to  vary  the  procedure  slightly 
to  ensure  adequate  controls.  The  emulsion  «as  divided  into  three 
portions,  one  of  which  was  soaked  in  the  saline  solution  serving  as 
control  medium,  whilst  the  other  two  portions  were  treated  with  different 
sugars.  In  Table  II.  the  figures  are  to  be  read  vertically,  those  at  the 
bottom  being  the  saline  control  to  the  sugars  above.  In  the  subsequent 
tables  tor  the  four  tumours  examined  the  same  arrangement  has  been 
adopted.  The  numl>er  of  experiments  with  liver  tissue  is  fewer,  and 
the  ri'sults  are  less  clear  than  with  kidney,  but  in  general  they  bear  a 
similar  aspect.  Glucose,  hevulose  and  maltose  appear  to  be  burnt, 
whilst  galactose  and  saccharose  are  untouched.     The  slight  indication 
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given  by  kidney  of  the  consumption  of  lactose  appears  again  in  two  out 
of  three  observations  with  liver.  The  raising  of  the  quotient  by  glucose, 
Isevulose  and  maltose  is  not  so  extensive  or  consistent  as  with  kidney 
emulsion.  The  peculiar  role  played  by  the  liver  in  normal  metabolism 
is  sufficient  to  explain  its  comparative  neglect  of  the  various  sugars 
added  in  these  experiments. 

Four  different  tumour  strains  have  been  examined,  three  carcinomata 
and  one  sarcoma.  Two  of  the  carcinoma  strains,  72  and  155,  are  of 
slow  o-rowth,  whilst  the  third,  strain  63,  grows  rapidly,  and  the  sarcoma, 
strain  37,  is  the  most  rapidly  growing  of  all.  Table  III.  contains  the 
data  found  with  this  sarcoma.  The  quotients  are,  in  all  cases,  com- 
paratively high,  but  the  addition  of  glucose,  Isevulose  or  maltose  results 

Tablk  III. — 37  Sarcoma.     Fi</ures  arranged  as  in  Table  II. 

Glucose 0-917       l-07i>  

(4-3)        (6-2) 

Lievulose    ....       0-944      0-985       0-972         .  .  

(9-8)        (6-3)        (4-9) 

Galactose    .    .  .       0-836      0  7  84       0-954 

(9-8)        (3-5)        (4-6) 

Maltose 1-011       0-939 

(7-2)       (6-7) 

Saccharose 0-878       0-881 

(6-9)        (7-6) 

Lactose . .         0-851        . .  .  .  0-835 

(4-6)  (6-8) 

SaUne 0-852      0-847      0-945      0846      0-904      0-842      0-854 

(7-4)        (5-9)        (4-6)       (4-1)        (6-5)       (7-3)       (6-0) 

in  a  distinct  raising.  In  two  instances  quotients  slightly  exceeding 
unity  have  been  obtained,  (jralactose,  saccharose  and  lactose  have  not 
affected  the  quotient. 

With  carcinoma  63  (Table  IV.)  glucose  and  maltose  give  a  distinct 
rise  in  the  quotient,  but  in  the  two  experiments  with  Isevulose  a  rise  in 
one  is  neutralised  by  a  fall  in  the  other.  The  same  was  found  on  adding 
galactose.  A  series  of  six  experiments  were  done  with  lactose  to  settle, 
if  possible,  the  significance  to  be  attached  to  the  small  rise  in  the  quo- 
tient observable  on  addition  of  this  sugar.  Five  of  the  six  showed 
varying  rises,  and  one  a  slight  fall.  The  average  quotient  for  the 
lactose-treated  emulsions  was  0*923  +  0'014,  whilst  the  controls  gave 
0'879  ±  0-012.  These  averages  speak  in  favour  of  a  slight  consumption 
of  the  lactose  added,  the  increase  of  the  quotient  being  rather  more  than 


can  be  fnirly  ascribed  to  experimental  error.     Ibe  incun  risie  u£  the 
quotient  after  ailding  lactose  is  .V2  %,  with  a  moan  error  ot*  2'1. 

A  more  slowini^  t^rowin^  adenu-carcinoma,  strain  72,  gave  in  the 
control  experiments  a  quotient  of  0*769  ±  0'027,  but  the  addition  of 
glucose   or    maltose  raised  the  quotient  to  about  or  even  over   unity 


Table  IV. — ()3  Carcinoma.     Figures  arranged  as  in  Table  II. 


UUicose 

1000 

1-089 

LoDvulose  .  . . 

(4-4) 

(6-6) 

0-893 

0-804 

CJttlactose     .  . 

(6-2) 

(8-3) 

0-922 

0-8,37 

Maltose 

(70) 

(0-3) 

1040 

1-076 

Snccharoso . . . 

(5-2) 
0-898 

(5.8> 
0-88tJ 

Lactose 

.       0-926 

0940 

0-936 

0-880 

0-970 

0-889 

(6-4) 

(6-3) 

Saline 

(4-1) 
0-H96 

(6-4) 
0-914 

(7-4) 
0830 

(4-6) 
0-861 

(0-4) 
0-871 

(6-2) 
0-901 

0-896 

0-945 

(4-7) 

(6-5) 

(G-9) 

(4-7) 

(6-9) 

(6-9) 

(4-7) 

(6-0) 

Table  V. — 72  Adenocarcinoma.     Figures  arranged  as  in  Table  II. 


Glucose  

1-039 

0-944 

(3-8) 

(6-6) 

Laovulose   , . . 

0-747 
(3-1) 

0-862 
(4-8) 

0-812 
(3-7) 

(lalactose   . . . 

0-732 
(6-6) 

0-881 
(4-8) 

Maltose 

•• 

1-031 
(60) 

0028 
(6-3) 

Saccharose . . . 

0-805 
(3-2) 

•• 

0774 
(5-2) 

0.823 
(51) 

liHctose 

0-828 
(6-4) 

0-778 
(41) 

• 

Saline 

0-860 

0-731 

0-651 

0-776 

0-812 

0-723 

0843 

(5-4) 

(3-4) 

(.-{•!)) 

(.-,-1) 

(6-8) 

(.V5) 

(6-9) 

(Table  v.).  The  limited  number  of  observations  do  not  allow  anv 
definit«>  conclusion  to  be  drawn  with  reganl  to  the  other  four  sugars 
tested,  but  in  any  case  one  misses  the  marked  rise  noteil  with  glucose 
and  maltose.  Another  tumour  strain,  adeno-carcinoma  15'),  very  similar 
to  the  preceding,  but  growing  even  more  slowly,  reacted  to  the  addition 


o£  carbohydrates  in  almost  the  same  way  (Table  YI.)-  The  control  ex- 
periments gave  a  mean  quotient  of  0*786  ±  O'OOS,  which  is  higher  than 
the  quotient  found  previously  for  this  strain.  A  temporary  increase  in 
the  rate  of  proliferation  of  the  strain  is  the  most  probable  explanation  of 
this  rise  in  the  quotient,  for  comparison  of  the  rate  of  growth  of  any 
tumour  in  a  series  with  its  respiratory  quotient  reveals  this  association. 
It  will  be  seen  from  Table  VI.  that  glucose  and  maltose  are  attacked, 
whilst  Isevulose  and  lactose  show  only  a  small  rise  in  the  quotient,  and 
the  results  from  galactose  and  saccharose  are  negative. 


Table  VI.- 

—155  Adeno- 

carcinoma.     1 

''itjures 

arraiic 

]/ed  as  , 

in  Tabl 

e  IJ. 

Glucose  .... 

1-070 

1-000 

,    , 

, , 

, , 

Ltevulose  .  . 

(4-1) 
0-800 

(4-5) 
0-850 

0-883 

Galactose  .  . 

(5-4) 

(4-0) 

(5-0) 
0  755 

0-784 

Maltose  .... 

(4-3) 

(5-5) 
0-964 

0-850 

Saccharose.  . 

(5-5) 

(6-4) 

0-882 

0-757 

0-786 

Lactose  .... 

(6-9) 
0-811 

(6-0) 
0-877 

0-838 

(5-9) 

Saline 

0-811 

0-809 

0'8i^2 

0-785 

0-783 

(5-9) 
0-800 

(5-9) 
0-815 

(6-7) 
0-794 

0-754 

(G-1) 

(4-3) 

(5-5) 

(5-9) 

(0-0) 

(6-0) 

(6-7) 

(6-0) 

(5-3) 

The  figures  given  in  the  preceding  six  tables  do  not  easily  lend  them- 
selves to  the  formation  of  a  general  summary,  but  a  more  comprehensive 
survey  will  be  found  in  Table  VII.  In  this  table  a  rather  arbitrary 
assignation  of  marks  has,  been  given  to  the  various  tissues,  an  increasing 
number  of  plus  marks  indicating  a  greater  rise  in  the  res{)iratory  quo- 
tient from  the  addition  of  the  respective  sugars.     The  values  given  are  : 


Kidney, 

Glucose +  4- 

Lievulo.'se  .....  +  -j- 

Galactose 

Maltose ++         +  +  +  +  -f  +  +  +  +  +  +  + 

Saccharose    .... 

Lactose -\-  'f  ^  i   ;- 


Table  VII. 

Liver.            37 

63 

72 

155 

+             +  + 

+  +  + 

+  +  + 

+  +  + 

+             +  + 

+ 

+ 

Thei>e  are  at  best  only  crude  approximations,  but  they  bring  out  in  a 
more  visil)le  form  tho  parallel  Ix'haviour  of  the  (lifferent  tissnoH  an<i 
tumour:*,  (rluccsu  and  inaito.so  »eom  to  be  attacked  by  all  tissues  with 
equal  facility,  whilst  galactose  and  saccharose  art)  neglected.  The 
burning  of  huvuloso  by  kidney  and  ii7  sarcoma  is  missed  in  63  carci- 
noma, and  only  faintly  indicated  by  the  two  adeno-carcinomata  72  and 
15!).  This  default  on  the  part  of  strain  03  is  compensatud  on  the  other 
hand  by  its  combustion  of  lactose — a  power  which  is  indicated  only  by 
kidney  and  155. 

Tlie  addition  of  glucose  to  emulsions  of  the  four  different  tumour 
strains  has  raised  the  respiratory  quotient  to  about  unity  in  all  casus. 
This  rise  is  particularly  striking  in  th(i  cases  of  the  slowly  growing 
strains  12  and  155,  strains  which  ordinarily  have  low  quotients  of  from 
0*7  to  O'H.  As  glucose  is  the  sugar  transported  by  the  blood-stream, 
the  ex[)lanation  of  the  lowness  of  the  respiratory  quotient  in  the  case  of 
the  more  slowly  growing  tumours  is  not  a  simple  one.  The  present 
series  of  experiments  show  that  the  cells  of  these  tumour.s  are  qiiilo 
capable  of  dealing  with  an  adequate  supj)ly  of  glucose,  and  there  is  not 
an  anatomical  difference  between  their  blood  supply  and  that  of  the 
tumours  of  a  higher  proliferation  rate,  such  as  might  attect  their  com- 
parative states  of  nutrition.  In  almost  all  transplanted  tumours  the 
blood  supply  is  notoriously  defective,  and  leads  to  early  and  widespreail 
necrosis.  The  facts  observed  would  a})pear  rather  to  be  explicable  along 
the  lines  of  postulating  differences  in  the  amount  of  available  carbo- 
hydrate in  the  parenchyinata  of  the  various  tinnours.  The  gravest 
objection  to  the  estimation  of  metabolisni  of  surviving  tissues  bv  the 
present  njethod  is  of  course  the  lailuro  to  renew  the  supply  of  food- 
stuffs. This  is  met  to  some  extent  by  shortening  the  duration  of  the 
experiment  to  a  period  during  which  no  alteration  occurs  in  the  rate  of 
oxygen  consumption,  so  that  one  has  good  reason  for  presuming  that 
there  has  not  been  an  exhaustion  of  the  available  food  supply.  In  view 
of  all  the  observed  phenomena,  it  seems  reasonable  to  suppose  that  the 
cells  of  slowly  growing  tumours  have  a  lesser  amount  of  carbodvdrate 
present  in  a  readily  available  form. 

Summary. 
The  low  respiratory  quotient  observed  with  slowly  growing  trans- 
planted   tinnours   is  not    attributable    to    their  incapacitv  of    burning 
glucose.     Mouse  tumours  and  tissues  appear  capable  of  dealing  with 
the  common  sugars  in  a  very  similar  matter,  provided  the  sugars  are 
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supplied  directly.  Differences  in  the  quantity  o£  sugar  within  tlie 
cells  is  a  probable  explanation  of  the  variations  in  the  carbohydrate 
metabolism  o£  tumours  growing  at  different  rates. 
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THE  PENTOSE  METABOLISM  OF   SURVIVING   MOUSE 
TISSUES   AND   TUMOURS. 

By  H.  R.  G.  RUSSELL. 


Diking  the  eighteen  montlis  whicli  have  ehipsed  since  puhlicaiion  of 
the  preceilinf^  coniniuniciition,  the  investigation  has  been  continued 
and  extended  to  a  number  of  other  carbohydrates.  The  motive  for 
this  extension  has  been  the  hope  that  possibly  a  different  behaviour  on 
the  part  of  normal  tissues  and  tumours  towards  certain  carbohydrates 
might  be  iletected.  The  experiments  with  the  six  commoner  physio- 
logical sugars — glucose,  Isevulose,  galactose,  maltose,  saccharose,  and 
lactose — revealed  an  essential  similarity  between  normal  tissue  and 
tumour  tissue.  The  summary  given  in  Table  VII.  on  page  S  shows 
that  where  the  normal  tissue  consumed  a  given  sugar,  the  same  result 
was  usually  obtained  by  tumour  tissue,  and  further  that  where  another 
sugar  was  not  burnt  by  a  normal  tissue,  the  same  held  good  in  the  case 
of  neoplastic  tissue.  Here,  .'igain,  a  promising  line  of  inquiry  has 
broken  down  on  what  constitutes  the  nucleus  of  the  cancer  problem — 
namely,  the  essential  similarity  between  the  processes  of  growth  in  a 
normal  coll  and  a  cancerous  cell  when  analysed  by  any  procedure 
hitherto  applied.  The  gross  anatomical  fciitures  of  cancer  make  it 
certain  that  differences  which  have  escaped  detection  do  exist,  and 
that  one  is  really  dealing  with  an  abnormal  or  pathological  type  of 
cell-growth,  which  might  well  be  accompanied  by  abnormal  features  in 
the  metabolic  exchanges.  The  detection  of  differences  rather  than 
extension  of  similarities  is  the  more  likely  to  extend  our  knowledge  of 
cancerous  processes,  and  due  consideration  of  this  aspect  of  the  question 
urged  one  to  examine  how  normal  and  neoplastic  tissues  behaved  with 
oarbohyilrates  other  than  the  six  sugars  above  enumenited. 

The  present  series  of  experinients  have  been  carried  out  in  precisely 
the  same  way  as  those  described  in  the  preceding  paper,  anil  it  is  un- 
necessary to  reca[)itulate  the  steps  of  the  proceeilinj^  here.  In  testing 
for  a  difference  between  the  behaviour  of  normal  and  neoplastic  tissues 
with  regard  to  its  reactions  to  a  frerh  carl>ohydrate,  I  have  usually 


12 

done  three  or  four  experiments  with  minced  normal  mouse  kidney,  and 
a  similar  number  of  observations  have  been  made  with  mouse  car- 
cinoma 63,  as  this  is  a  tumour  strain  which  grows  very  regularly  during 
repeated  transplantations.  The  concentration  o£  carbohydrate  has  been 
kept  at  the  same  figure  in  all  experiments — namely,  0*2  "/o  niade  up  in  a 
0"89  7o  sodium  chloride  solution  in  tap  water.  Three  hexatomic  alco- 
hols— mannite,  sorbite  and  dulcite — wore  tried^  and  it  was  found  that  all 
three  (ailed  to  increase  the  respiratory  quotient  both  of  kidney  and 
carcinoma  03.  Mouse  tissues  seem  incapable  of  combusting  any  of 
these  compounds.  The  same  result  was  obtained  with  the  tri-saccharide 
raffinose. 

All  the  carboh)  drates  so  far  tested  contain  either  six  carbon  atoms 
or  a  multiple  of  that  number,  but  the  next  group  to  be  examined  were 
the  pentoses,  which,  as  their  name  implies,  contain  five  carbon  atoms. 
These  play  a  much  larger  part  in  plant  physiology  than  they  do  in 
animal  physiology,  although  in  the  form  of  complex  pentosans  they  are 
present  in  large  amounts  in  the  fodder  given  to  herbivores.  Three 
exam[)les  of  pentoses  have  been  tested,  two  simple,  1-arabiuose  and 
1-xyloso,  and  one  compound,  the  methyl-pentose  rhamnose.  The 
samples  employed  have  been  of  a  considerable  degree  of  purity,  as 
evidenced  by  their  rotating  power.  Upon  the  addition  of  these  pen- 
toses to  kidney  tissue  and  to  carcinoma  63,  differences  in  the  reaction 
of  these  two  tissues  were  first  detected.  The  respiratory  quotient  was 
raised  in  the  case  of  the  carcinomatous^  but  unaffected  in  the  case  of 
kidney  tissue  ;  the  normal  tissue  was  unable  to  attack  a  compound 
which  the  cancerous  tissue  did  attack.  This  })reliminary  result  having 
been  obtained,  the  work  was  extended  to  the  only  two  other  normal 
tissues  available  for  the  experiment,  namely  liver  and  submaxillary 
salivary  gland,  also  to  three  other  tumours,  a  rapidly  growing  sarcoma 
and  two  slowly  growing  carcinomata.  The  results  are  summarised  in 
the  following  tables,  which  are  arranged  so  that  the  bottom  row  of 
figures  represents  the  control  experiment  in  saline  solution  for  the  pen- 
tose figures  situated  vertically  above. 

Table  I. — ilespiratory  quotient  oj  mouse  hidueij  emulsion   in    0*89  % 
saline  solution,  and  in  saline  with  0*2  "/o  of  j^entose  added. 

Ambinose 0-H62  0-908  0-909  0-915 

-Xylose 0-904  0-882            ..  0-909  0-908  0-917 

Uhamuose     ....         0-904            ..  ..               ..  0-917  0900  0-905 

'^ttliuo    0-899  0-8.j7  0-89G  0-919  (J-92.3  0884  0-916 
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Kxtniction  of  the  Hguros  for  aral)iiio»«  mid  the  corresponding  figures 
For  saline  solution  gives  for  arabinose  an  average  quotient  of 
(»-8lM.)  +  0-012  and  for  saline  &S'X\  +  0013.  The  difference  between 
these  figures  's  negligible,  since  if  the  slight  rise  obtained  by  adding 
arabinos(<  be  expressetl  as  a  percentage  rise  of  the  respiratory  quotient, 
it  only  amounts  to  0*9  +  2*Oo/(),  and  a  variation  which  is  smaller  than 
the  mean  error  is  not  significant.  The  same  remarks  apply  to  xylose  and 
rhamnose.  Xylose  gave  an  average  of  0-l>04  +  0005,  and  its  control 
0-895  ±  0010  :  a  rise  of  M  ±  1-6  o/o-  Rhamnose  gave  0-907  ±  0-004, 
and  its  control  0-905  ±  0-009  :  a  rise  of  0*2  +  0-7%. 

The  respiratory  quotients  given  by  minced  mouse  liver  are  given  in 
Tnble  TT. 

Table  11. — Respiratory  quotients  of  minced  liver. 

Arabinose....  0-917      0-834      0844      0-882          

Xylose   0-803      0-815      0-883      0857 

Rhftmnose....            0-812      0-835      0-804      0830 

Sftlin.'    0-829      0-799      0-800      0-772  OSW      0-823      0-841       0-838 

Simple  inspection  of  the  figures  obtained  after  addition  of  arabinose 
shows  that  tlu're  is  a  distinct  niising  of  the  quotient  in  each  of  the  four 
observations  made.  The  average  quotient  is  0-857  +  0*011,  whereas 
the  controls  give  a  quotient  of  0800  +  0007.  Expressed  as  a  per- 
centage arabinose  raises  the  quotient  71  +  1*4,  and  the  conclusion  may 
safely  be  drawn  tliat  liver  emulsion  is  capable  of  burning  this  par- 
ticular pentose.  With  xylose  the  same  average  figure  is  obtained  as  in 
its  control,  namely  0-827  ±  0-012  and  0-827  ±  0-008.  Rhamnose  gives 
an  average  of  0*828  ±  0-005,  and  its  control  gives  0*827  +  0-008. 
Mouse  liver,  whilst  unable  to  attack  xylose  and  rhamnose,  can  combust 
arabinose. 

A  series  of  observations  made  upon  the  salivary  gland  led  to  the 
conclusion  that  the  metabolism  of  this  tissue  was  uninfluenced  by  the 
addition  of  pentose.  The  average  quotients  of  four  experiments  made 
with  arabinose  was  0-85(>  H-  0-005  ;  the  control  in  sidine  gave 
0-855  +  0-014.  The  average  of  three  experiments  with  xylose  was 
0*805,  tlie  control  giving  0*856.  The  corresponding  figures  for  rham- 
nose were  0-840  and  0-842.  It  will  be  seen  on  looking  back  over  the 
e.vperiments  with  these  three  normal  tissues  and  the  three  pentoses 
named,  that,  judging  from  the  effect  on  the  respiratory  quotient,  liver 
has  been  capable  of  consuming  arabinose  alone:  all  the  other  inrer- 
actions  tried  have  given  a  negative  result. 
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Passing  on  to  tbe  consideration  of  neoplastic  tissues,  caocinonia  63 
will  first  be  dealt  with,  and  the  observations  made  witli  this  tunionr 
strain  are  set  ont  in  Table  TTI. 

TA.BLE  III. — Ilespirafor//- quotients  of  carcinoma  63. 

Arabinose....          0982  1-000  0-919  ..  0-880                ..    ■ 

Xylose 0-929  0940  0872  ..  0-928 

Riiamnose    ..          0912  ..                   .  0-899  0849  0-826 

Saline   0-905  0-824  0-889  0848  0-851  0-861 

The  average  quoiient  with  arabinose  is  0-945  +  0'026,  whilst  the 
control  is  0-867  +  O'OIS.  There  is  here  a  percentage  rise  of  9-2  +  4*2, 
a  significant  figure  which  indicates  that  arabinose  is  burnt.  The  same 
applies  to  xylose,  with  an  average  of  0-917  +  0*015  as  against  the 
control  figure  oE  0"856  +  0-014  ;  the  percentage  rise  is  here  7*3  +  1-9. 
With  rhamnose  the  average  is  0-872  ±  0-020,  and  the  control  average 
is  0*866  ±  0-013,  a  quite  insignificant  difference. 

The  next  tumour  to  be  dealt  with  is  a  spindle-celled  sarcoma  of 
extreme  rapidity  of  growth  ;  the  quotients  obtained  with  this  strain  are 
set  forth  in  Table  IV. 

Table  IV. — Ilespiratorjj  cpioticnts  of  sarcoma  37. 

A. 

Arnbinose 0-871  0877  0899  0-840  0-768 

Saline    0-874  0-797  0-875  0-815  0-880 

B. 

Xylose  0-892            0-895  ..  0-912  0-925 

ilhamnose 0870            0-897  0-856  0  902  0-939 

Saline    0-843            0-832  0-868  0-899  0-908 

The  five  observations  carried  out  on  sarcoma  37  with  arabinose  added 
give  an  average  respiratory  quotient  of  0-851  +  0-023  ;  the  average  in 
the  controls  is  0-849  +  0-018,  an  essentially  similar  figure.  After  the 
addition  of  rhamnose,  sarcoma  37  has  an  average  quotient  of 
0-893  ±  0-014;  the  controls  in  saline  give  0-870  +  0-015.  The  rise  of 
quotient  is  here  2-7  +  l'6o/o.  The  rise  borders  on  the  side  of  signifi- 
cance, although  it  is  not  quite  double  the  mean  error  of  the  observations. 
In  the  case  o£  xylose,  the  average  quotient  0  906  ±  0-008  was  found, 
that  of  the  controls  being  0-871  +  0019.  The  rise  of  quotient  here  is 
4*2  +  1-5  7o»  «i  percentage  which  indicates  that  this  pentose  has  been 
metabolised. 
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Tiic  next  iuiiioiir  to  b«  eonsidoicd  is  curcinoma  72,  which  histo- 
Io;iically  is  an  adeno-carcinoina  of  inaininary  orijfin.  This  tumour 
strain  grows  very  slowly  and  only  in  a  l<»w  porcfntuge  of  the  mice  in- 
oculated, and  it  has  not  been  possible  to  carry  out  all  the  obi^ervutions 
desired,  but  all  those  so  far  made  are  summarised  on  Table  V. 

Tablk  V. — Respiratori/  quotients  of  carcinoma  72. 

Arnbinoae. . . .  0*817 

Xylose 0-784  0-823  0847  0798 

uimmnose 0-817  0-869  0-817  ..              0898 

Sftliiio    0-824  0-786  0-790  0-841  0-771            0-790 

In  the  single  observation  made  after  adding  arabinose,  there  was  no 
raising  of  the  quotient.  Tlio  average  quotient  with  xylose  was 
0-81:^  +  0-014,  the  control  being  0-799+0015:  the  rise  was 
1*8  +  0-9t)''/i„  too  low  a  fi^^ure  to  be  of  signiticance.  A  more  marked 
rise  was  obtained  with  rhanino?e,  namely  0*848  ±  0*019  as  against 
0*803  ±  0-013  in  the  saline  solution.  The  rise  was  here  5*7  ±  3*5%, 
the  nnusuully  high  mean  error  being  caused  by  the  third  observation 
where  the  quotient  in  saline  solution  was  unusually  high  and  exceeded 
the  figure  in  the  xylose  solution. 

A  few  observations  have  been  made  when  suitable  mat(>rial  was 
availabi*'  froni  another  adeno-carcinoma,  strain  155,  our  most  slowly 
growing  mouse  tumour.  Ilithertothis  tumour  has  behaved  as  if  it  were 
incapable  of  consuming  any  of  the  three  pentoses  tested,  but  further 
investigation  will  be  nuule  on  this  tumour  strain  when  suitable  material 
has  been  obtained. 

From  the  experiments  detailed  above,  the  conclusion  may  be  drawn 
that  neoplastic  tissues  of  the  mouse  possess  a  power  of  consuming  one 
or  more  of  the  three  pentoses  employed  which  is  not  shared  by  the 
normal  tissues  of  this  animal,  with  the  notable  exception  that  liver  can 
attack  arabinose.  A  practicable  method  of  controlling  the  above  results 
has  not  yet  been  devised,  although  such  is  eminently  desirable,  in  view 
of  the  fact  that  all  the  observations  have  been  nuule  upon  surviving 
tissues,  and  not  upon  tissues  in  full  activity.  Whether  the  differences 
found  between  the  tumour  and  normal  tissups  are  of  that  ilegree  which 
will  enable  a  therapeutic  attack  to  be  made  on  cancer,  can  only  be 
settled  by  experiment. 


[Ki(/hlli  Sfieiitijic  Report  of  the  /mperuil  i'ttmi-r  i'lseurrli  J-'untl,  192.'J.] 


DIETARY  DEFICIENCIES  AND  THE  GROWTH 
OF  CANCER. 

By  W.  CRAMER. 
(Plate  I.) 


Introductory. 

Vitamins  are  often  described  as  "  growtli  substances"  or  "growth 
factors/'  because  in  their  absence  from  the  food  a  young  animal  such  as  a 
rat  either  completely  ceases  to  increase  in  weight  and  size  or  the  increase 
is  retarded.  If  vitamins  are  essential  for  growth,  as  is  so  generally 
supposed,  the  possibility  suggests  itself  of  controlling  the  growth  of 
cancerous  cells  by  dietetic  means  in  this  way.  Experiments  along 
these  lines  were  carried  out  by  Drunnnond^^^  on  a  rat  sarcoma  in  the 
year  1916,  soon  after  the  importance  of  vitamins  had  been  discovered. 
Tlie  results,  which  wer<»  carefully  controlled,  were  entirely  negative  : 
the  growth  of  the  tumours  was  not  dependent  on  the  presence  of 
vitamins  in  the  food.  Previous  workers  had  claimed  to  have  obtained 
more  positive  results,  but  their  published  evidence  did  not  substantiate 
their  claims. 

The  problem  is  of  interest  not  only  from  the  therapeutic  point  o£ 
view,  but  also  as  a  general  biological  problem.  If  the  observations 
of  Drummond  are  correct — and  my  observations  confirm  his  results  and 
show  that  they  are  applicable  to  all  kinds  of  cancerous  cells — and  if, 
further,  the  premise  is  true  that  vitamins  are  necessar}'  for  the  growth 
of  normal  cells,  then  there  appears  to  be  disclosed  a  fundamental 
biological  difference  l)etween  the  factors  controlling  the  growth  of 
normnl  cells  and  of  cancerous  cells.  We  would  have  to  conclude 
that,  while  the  growth  of  normal  cells  is  dependent  on  an  extraneous 
supply  of  vitamins,  the  growth  of  cancer  cells  is  not  so  dependent. 
This  might  be  accounted  for  in  different  ways.  Cancer  cells  might 
have  a  greater  "  affinity ''  for  vitamins,  so  that  they  withdraw  the 
supply  of  vitamins  in  the  body  for  their  own  use  at  the  expense  of  the 

C 


18 

needs  of  the  normal  cells.  Such  an  explanation  was;  in  fact,  put  forward 
by  Drnmmond  and  also  by  Benedict  and  Babe  <^\  Or  cancer  cells 
micrbt  be  able  to  synthetise  vitamins  while  normal  cells  are  supposed 
to  be  unable  to  do  so.  If  this  biological  difference  between  the  factors 
determinino-  the  growth  of  normal  and  that  of  cancerous  cells  could  be 
established  with  certainty,  this  fact,  whatever  its  explanation  may  be 
found  to  be,  would  in  itself  account  for  most  if  not  all  the  properties 
of  cancer.  For  once  we  accept  this  conception  of  the  dependence  of 
normal  cells  for  their  life  and  growth  on  an  extraneous  supply  of 
vitamins  distributed  to  them  by  the  organism  according  to  their 
respective  needs,  we  have  only  to  imagine  one  of  a  group  of  such 
normal  cells  becoming  independent  of  such  extraneous  supply  and 
we  can  account  for  their  independent  autonomous  proliferation,  which 
is  the  fundamental  property  of  a  cancer  cell.  This  aspect  of  the  subject 
demanded,  therefore,  a  full  investigation  into  the  whole  problem  of  the 
relation  of  vitamins  to  growth. 

We  may  say  at  once  that  our  investigations  led  us  to  reject  the 
generally  accepted  premise  that  the  life  and  growth  of  normal  cells  are 
dependent  on  the  presence  of  vitamins,  so  that  in  this  respect  no 
fundamental  difference  exists  between  normal  cells  and  cancer  ceils. 

EXPEKIMENTAL    PaRT. 

1.   The  growth  of  transplantable  tumours  in  vitamin  deficient  animals. 

The  effect  of  vitamin  deficiencies  on  tumour  growth  was  studied  in 
mice  and  in  rats.  Both  sarcomata  and  carcinomata  were  used  ;  the 
diflferent  strains  of  transplantable  tumours  were  selected  so  as  to  include 
both  quickly  and  slowly  growing  tumours.  The  general  procedure 
adopted  was  as  follows  :  a  certain  tumour  strain  was  transplanted  into 
a  number  of  animals.  After  a  lapse  of  time  sufficient  to  establish  that 
the  tumour  was  growing  progressively,  about  half  the  animals  were 
placed  on  vitamin  deficient  diets,  the  other  half  being  kept  as  controls. 
The  deficient  diets  were  deficient  either  in  vitamin  A  alone  or  in 
vitamin  B  alone,  or  in  both  vitamins  A  and  B.  The  basal  vitamin 
free  ration  consisted  of  the  usual  mixture  of  casein  freed  from 
vitamin  A,  starch,  olive  oil,  and  the  salt  mixture.  If  vitamin  A  in  the 
form  of  cod  liver  oil  and  vitamin  B  in  the  form  of  marmite  are  added 
to  this  basal  ration,  rats  and  mice  thrive  on  it.  The  animals  were  fed 
twice  a  day,  morning  and  evening  ;  they  were  weighed  once  a  week 
at  u  given  time  in  the  afternoon,   and  in    rats  the  temperature    was 
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taken  ojico  u  week  at  the  .same  time  The  ^i/e  of  tlio  ttimutir  was 
charted  once  a  week. 

Tile  r(>suhs  are  illustrated  by  the  appended  charts  of  a  number 
of  different  experiments  (see  Figs.  3-7).  The  results  can  be  briefly 
summarised  as  follows  : — In  no  case  did  a  growing  tumour  recede,  nor 
was  its  "growth  oven  arrested,  as  a  result  of  withholding  either  vitamin 
A  or  B  from  the  food  cither  separately  or  jointly.  On  the  contrary 
there  was  in  every  case  proj^ressivo  growtli  of  the  tumours  even  at 
the  stage  wlien  the  tumour- hearing  animal  itself  was  suffering  severely 
from  the  vitamin  deficiency.  The  contrast  between  the  effect  of  the 
vitamin  deficiency  on  the  tumour  and  on  the  animal  itself,  which  can, 
unfortunately,  not  be  illustrated,  is  very  remarkable.  Especially  in 
experiments  when  vitamin  B  was  withheld  the  progressive  emaciation 
of  the  animal  formed  a  striking  contrast  with  the  progressive  growth  of 
the  tumour.  The  charts  show  that  in  the  vitamin  B  deficient  animals 
the  tumour  does  not  always  grow  quite  as  rapidly  as  in  the  normal 
controls,  and  there  was  also  frequently  a  more  extensive  necrosis  in  the 
tumour  of  the  vitamin  deficient  animals  than  in  the  tumours  of  the 
nornuil  animal.  13ut  such  differences  may  be  found  whenever  the 
health  .of  the  host  is  impaired  and  cannot  be  attributed  to  a  s|iecific 
effect  of  the  absence  of  vitamins.  Moreover,  in  the  absence  of  vita- 
min B  the  temperature  of  the  animal  lecomes  subnormal,  and  that 
factor  alone  is  likely  to  have  a  retarding  effect  on  the  rate  of  growth 
of  the  tumour. 

In  all  these  experiments  the  experinu'iital  arrangement  was  such  that 
the  effect  was  studied  on  the  growth  of  tumours  alone  and  that  the 
effect  on  the  implantation  of  tumour  was  excluded.  The  conditions 
which  determine  the  successor  otherwise  of  transplantation  of  a  tumour 
into  new  aninials — in  other  words  the  number  of  **t4ikes" — are  not 
necessarily  the  same  as  those  determining  the  subsequent  growth. 
The  success  of  the  transplantation  depends  on  the  reaction  of  the 
connective  tissue  of  the  new  host  in  providing  the  implanted  piece  of 
tumour  with  new  stroma.  This  is  not  an  essential  part  of  the  problem 
of  the  growth  of  the  cancer  cells  with  which  we  are  here  concerned. 
For  this  reason,  only  a  few  observations  were  carried  out  to  determine 
the  effect  of  vitamin  deficiencies  on  this  aspect  of  the  problem.  In 
order  to  get  a  decisive  result  the  transplantations  were  performed  in 
animals  (rats)  which  were  suffering  severely  from  a  deficiency  in 
vitamins,  as  indicated  by  their  loss  in  weight  and  their  subnormal 
temperature.     The  chart  (Fig.  15)  shows  that,  in  spite  of  the  low  condition 
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o£  the  auiinals,  the  tninspUintatiou  was  successful  in  every  case  and  that 
the  tumour  grew  progressively  during  the  next  two  weeks. 

We  have  tested  also  whether  an  abundant  supply  of  vitamins  has  a 
stimulating  effect  on  the  rate  of  tumour  growth,  when  compared  with 
a  restricted  supply  of  vitamins.  In  the  latter  case  the  diet  consisted 
of  our  ordinary  laboratory  diet  of  bread  and  water^  boiled  rice  and 
maize.  On  such  a  diet  the  animals  remain  in  good  health,  breed,  and 
show  a  progressive  though  very  slow  increase  in  weight  and  stature. 
The  effect  of  adding  an  abundant  supply  of  vitamins  to  this  diet  in  the 
form  of  cod-liver  oil  and  marmite  is  to  produce  a  much  more  rapid 
increase  in  weight  and  stature  of  the  host  without  in  any  way  affecting 
the  rate  of  tumour  growth.  Tiiere  is  therefore  no  reason  to  fear 
that  an  abundant  supply  of  vitamins  might  be  harmful  to  patients 
suffering  from  cancer. 

2.  Effect  of  vitamin  deficiency  on  induced  resistance  to  transplantation. 

When  a  tumour  has  undergone  absorption  either  immediately  after 
transplantation,  or  after  having  shown  a  transient  proliferation,  the 
animal  has  become  resistant  against  a  second  transplantation.  This 
experimentally  induced  resistance  can  be  abolished  by  exposure  to 
X-rays  and  radium.  According  to  some  observers  this  resistance  is 
due  to  the  functional  activity  of  the  lymphocytes,  and  the  abolition  of 
the  resistance  after  X-rays  and  radium  has  })een  related  to  the  atrophy 
of  the  lymphoid  system  and  the  lymphopenia  resulting  from  exposure 
to  X-rays  and  radium.  Although  this  interpretation  of  the  phenomenon 
is  contested,  it  is  of  interest  in  connection  with  our  experiments, 
because  in  the  absence  of  the  water  soluble  vitamin  B  from  the  food 
the  organism  develops  a  condition  very  similar  to  that  produced  by 
X-rays  and  radium,  namely,  an  atrophy  of  the  lymphoid  system  and  a 
lymphopenia.  If,  therefore,  resistance  to  transplantation  is  due  to  the 
functional  activity  of  the  lymphocytes,  it  might  be  possible  that  a 
vitamin  deficiency — at  least  a  deficiency  in  vitamin  B — might  be  able 
to  abolish  the  resistance  to  trans[!lantation.  This  point  was  tested  in 
rats  in  which  resistance  had  been  induced  by  the  absorption  of  Jensen's 
rat  sarcoma.  Such  animals  were  placed  on  a  diet  deficient  in  vitamins 
A  and  B  until  the  symptoms  of  a  profound  deficiency — loss  of  weight 
and  full  of  body  temperature  to  between  3G°  and  'M°  Centigrade — had 
been  definitely  established.  They  were  then  inoculated  again  with 
Jensen's  rat   sarcoma  ;   control   experiments   were  made   with    normal 
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non-resistant  rats  and  with  resistant  rats  kept  on  a  norniiil  aiicquute  diet. 
TIh'  traiisplaiitatioiis,  while  slio\vin;r  successful  results  in  normal  rats, 
reiuiiined  entirely  negative  in  holh  groups  of  the  resistant  rats  (see 
Fig.  8).  The  deficiency  in  vitamin  B  in  the  diet  and  the  resulting 
lymphopenia  had  not,  therefore,  abolished  the  experimentally  indnccd 
resistance.  This  suggests  that  the  action  of  X-rays  and  nidium  in 
aholishing  this  resistance  is  not  entirely — if  at  all — related  to  the 
changes  in  the  lym[)hocyte8. 

3.  Have  cancer  cells  an  increased  ability  for  vitamins  or  have 
thejj  the  power  to  nynthetise  vitamins  ? 

In  the  Introduction  we  sufjfjesfted  that  the  continued  growth  of  cancer 
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cells  in  aninials  suffering  themselves  from  vitamin  deficiencies  might  he 
accounted  for  by  postulating  for  cancer  cells  either  an  increased  affinity 
for  vitamins  or  the  power  to  synthetise  vitan)ins.  The  first  suggestion 
entails  for  a  tumour-bearing  animal  a  greatly  increased  demand  for 
vitamius  as  compared  with  a  normal  animal.  This  would  manifest 
itself  by  a  more  rapid  onset  of  the  symptoms  of  vitamin  deficiency  and 
a  more  rapid  decline  of  the  host  in  tumour-bearing  animals.  We  shall 
show  later,  that  a  deficiency  of  a  known  chemical  entity — namely, 
tryptophane — which  we  know  is  required  by  the  cells  of  both  the  host 
and  the  tumour,  and  which  cannot  be  synthetised  by  the  organism,  does 
produce  a  very  marked  dirterencc  in  the  rate  at  which  the  svmptoms  of 
this  deficiency  develop.  Tlie  alternative  would,  conversely,  delay  the 
onset  of  the  symptoms  and  of  the  general  decline.  Our  experiments 
revealed  no  significant  differences  in  this  respect  between  normal  and 
tumour-boaring  animals.  These  attractive  speculations  find,  therefore, 
no  support  in  the  experimental  evidence. 

The  premise,  on  which  we  based  our  investigations,  that  vitamins  are 
necessary  for  the  life  and  growth  of  every  cell  has  landeil  us,  therefore, 
in  an  impasse  :  it  does  not  enable  us  to  understand  how  a  cancer  ceil 
can  grow  progressively  in  an  organism  which  is  itself  deprived  of 
vitamins  and  suffering  severely  from  a  deficiency  in  vitamins.  It 
therefore  became  necessary  to  test  the  correctness  of  the  premise  and 
to  study  the  mode  of  action  of  vitamins. 

4.    On  the  mode  of  action  of  vitamins. 

This  investigation  was  undertaken  with  the  collaboration  of  Dr.  A. 
H.  Drew  and  of  Dr.  J.  C.  Mottram  of  the  Radium  Institute.    Tlie 


22 

results  have  been  published  in  detail  in  several  papers  ^-^^  <^>  and  need 
only  be  summarised  here. 

The  contention  that  vitamins  are  necessary  for  the  life  and  the 
orowth  of  cells,  is  based  on  the  experimental  observation  that  a  highly 
differentiated  animal — such  as  a  pigeon  or  a  rat — shows,  in  the  absence 
of  vitamins,  a  decline  in  health,  and  if  the  animal  is  young,  ceases  to 
increase  in  size  and  weight.  But  as  we  have  repeatedly  pointed  out, 
the  fact  that  the  life  of  a  highly  differentiated  animal  is  dependent 
on  the  presence  of  vitamins  in  the  food  does  not  necessarily  imply 
that  vitamins  are  necessary  for  the  life  of  all  the  cells  of  such  an 
animal. 

A  similar  objection  must  be  raised  against  the  deduction  that 
vitamins  are  essential  for  "  growth."  The  expression  "  growth "  is 
popularly  used  to  denote  the  increase  in  si/e  of  a  young  highly 
differentiated  organism  after  birth.  It  is  well  known  that  anything 
that  interferes  with  the  general  health  of  a  young  animal  will  retard  its 
"growth^'  as  measured  by  its  increase  in  size  and  weight  ;  digestive 
disorders,  faulty  nutrition  of  an}^  kind,  intercurrent  diseases,  even  the 
anaesthesia  involved  in  an  operation,  are  known  to  arrest  the  "  growth  " 
of  an  infant,  One  may  therefore  use  the  regular  increase  in  weight 
or  stature  as  an  indication  of  the  general  good  health  of  a  young  animal. 
But  to  interpret  any  deviation  from  the  normal  as  indicating  the 
absence  of  some  factor  essential  for  growth  generally,  is  not  admissible. 
There  is,  therefore,  a  considerable  gap  between  the  experiment'dly 
observed  facts  and  the  generalisation,  which  has  been  drawn  from  them, 
that  every  cell  requires  vitamins  for  its  life  and  growth.  This 
generalisation  is  of  such  fundamental  biological  importance  that  the 
evidence  on  which  it  rests  cannot  be  tested  too  critically. 

There  is,  moreover,  positive  evidence  that  many  cells  of  a  highly 
differentiated  animal  are  not  dependent  for  their  life  on  the  presence  of 
vitamins.  If  all  cells  were  dependent  on  vitamins  one  would  expect 
a  condition  of  functional  decline  or  structural  atrophy  affecting  all  the 
cells.  But  that  is  not  the  case.  The  atrophy  affects  very  specifically 
certain  tissues  or  groups  of  cells.  AV^hat  is  more,  deficiency  in  one 
vitamin  afl'ects  one  specific  tissue,  deficiency  in  another  vitamin  affects 
an  entirely  different  group  of  cells. 

Thus  absence  oE  vitamin  B  loads  to  an  atrophy  of  lymphoid  tissue 
which  is  reflected  by  a  lymphopenia  in  the  circulating  blood,  absence 
of  vitamin  A  is  followed  by  an  atrophy  of  the  intestinal  mucous 
membrane,  and  also  by  a  diminution  in  the  number  of  blood  platelets. 


Tlio  other  tissues  show  no  corresponding  primary  change,  an«l  »oine  of 
thoin  actinilly  undergo  hypertrophy — tlio  adrenal,  for  instance. 

Tho  disturbances  in  nutrition,  the  arrest  or  retardation  of  growth, 
and  the  other  general  symf>tonis  of  vitamin  deficiency  can  thus  be 
explained  as  resulting  from  these  pathological  lesions. 

\V'«'  have  in  a  previous  paper*'*  given  the  evidence  which  has  led  us 
to  conclude  that  vitamins  are  substances  present  in  the  various  food 
substances,  having  a  definite  stimulating  pharmacological  action  on 
specific  tissues  and  reseml)ling  in  this  respect  the  internal  secretions. 
We  have  therefore  proposed  to  cjiH  them  "food  hormones"  or  "tro- 
phacoids,"  to  use  a  term  based  on  Scliafer's  nomenclature.  As  the 
uterus,  for  instance,  is  depentlent  for  its  full  functional  activity  on 
the  constant  presence  of  a  hormone  proviiled  by  the  ovary,  so  certain 
other  tissues  are  dependent  on  the  presence  of  hormone-like  substances 
provided  by  the  food.  And  the  tissues  which  are  thus  dependent  on 
the  presence  of  the  "accessory  food  factors" — as  the  vitamins  were 
originally  and  much  more  suitably  called  by  Hopkins — are  particularly, 
although  not  exclusively,  those  tissues  which  are  concerned  with  the 
digestion  and  absorption  of  food. 

AVe  have  shown  that  when  we  study  a  highly  differentiated  organism 
as  a  whole  the  mode  of  action  of  vitamins  can  be  explained  in  this  way 
on  the  basis  of  the  experimentally  observed  facts,  without  having  to 
postulate  the  new  biological  generalisation  that  the  life  and  growth  of 
every  cell  are  dependent  on  the  presence  of  vitamins. 

The  evidence  is  even  more  conclusive  when  we  take  the  isolated  cells 
of  such  a  highly  diflterentiated  organism.  By  simplifying  the  technique 
of  the  culture  of  cells  in  ritro^  Dr.  A.  H.  Drew  has  been  able  to  analyse 
the  factors  which  arc  essential  for  the  life  and  for  the  growth  of  the 
isolated  cells  of  a  rat.  These  factors  cannot  be  replaced  by  vitamins. 
Moreover,  one  of  these  factors  is  very  thermolubile,  being  destroyed  by 
heating  to  (50°  (\Mitigraile  for  thirty  minutes.  The  other  factor  is  set 
free  or  formed  by  normal  living  cells  as  the  result  of  damaging  them. 
In  all  these  respects  these  factors  differ  from  vit'iniins. 

5.   The  effect  of  a  dejiaency  In  specijir  amino  acids  on  the 

tirowth  of  Cancer. 

It  seemed  of  interest  to  study  in  comparison  with  vitamin  deficiencies 

the  effect  of  a  deficiency  in  the  diet  of  a  well  defined  chemical  substance 

which  is  known  to  be  essential  for  the    life  of   highly  differentiated 

animals  as  a  whole.     Drummond,  in  the  paper  already  referred  to,  has 


24 

recorded  the  results  of  a  nuaiber  of  different  dietetic  restrictions  on 
tumour  growth.  He  found  that  he  was  unable  to  inhibit  to  an}'  extent 
the  rate  of  tumour  growth  by  such  restrictions,  even  when  the  host 
carrying  the  tumour  was  unable  to  maintain  itself.  We  have  restricted 
our  attention  to  one  such  deficiency — namely,  the  deficiency  in  trypto- 
phane. Hopkins  and  Willcox*^^^  showed  in  1911  that  the  amino-acid 
tryptophane  cannot  be  synthetised  by  the  organism,  but  must  be 
supplied  in  the  food  if  an  animal  is  to  grow  and  to  live.  Their  original 
observations  were  carried  out  with  a  diet  in  which  all  the  protein 
was  given  in  the  form  of  zein,  the  main  protein  of  maize  ;  zein  contains 
no  tryptophane  in  its  molecule  and  differs  in  this  respect  from  most 
other  proteins.  It  also  does  not  contain  lysin,  another  amino  acid. 
Hopkins  and  his  collaborators*^''**  have  repeated  and  confirmed  these 
results  by  using  an  acid  hydrolysatc  of  casein.  Casein  is  known  to 
contain  all  the  amino  acids  necessary  for  life,  but  in  the  acid  hydrolysate 
all  the  tryptophane  had  been  destroyed  by  boiling.  On  such  a  diet  the 
animal  declines  at  once  in  weight  and  eventually  dies.  On  the  addition 
of  tryptophane  the  animals  at  once  gain  in  weight  and  will  continue  to 
live.  In  our  investigations  we  have  used  crude  maize  meal  as  the  only 
supply  of  protein  in  the  diet.  Maize  meal,  in  addition  to  its  main 
protein  zein,  contains  small  amounts  of  other  protein  substances  in 
which  a  trace  of  tryptophane  is  present.  The  total  amount  of  trypto- 
phane present  in  maize  meal  is  therefore  very  small  and,  as  we  proved 
by  preliminary  experiments,  inadequate  to  support  the  life  of  a  rat. 
The  dietary  was  identical  with  the  basal  ration  given  in  our  vitamin 
experiments,  except  that  the  casein  was  replaced  by  maize  meal.  The 
advantage  of  giving  maize  meal  was  that,  in  addition  to  being  a  source 
of  amino  acids,  it  supplied  both  the  water  soluble  and  the  fat  soluble 
vitamins*""*'  in  sufficient  amounts  to  make  a  further  addition  unnecossarj'. 
We  found,  at  any  rate,  that  the  separate  addition  of  these  vitamins  did 
not  materially  affect  the  course  of  these  experiments.  The  absence  of 
the  diamino-acid  lysin  from  maize  meal  is  not  of  the  same  biological 
importance  as  the  absence  of  tryptophane.  Rats  and  mice  can  be 
maintained  on  a  diet  free  from  lysin  although  their  growth  may  be 
stunted  (McCollum,  Simmonds  and  Pitz<^%  GeilingW). 

The  general  eff^ects  produced  by  a  maize  meal  diet  in  young  rats  are 
remarkably  similar  in  many  respects  to  those  occurring  in  the  absence  of 
the  water-soluble  vitamin  J3.  There  is  an  immediate  loss  in  weight, 
subsequently  the  body  temperature  becomes  subnormal,  the  animal  gets 
emaciated,  and  when  killed  in  the  later  stages  the  bodv  is  found  to  be 
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quite  free  from  f«t.  There  is  also  the  profound  »trophyof  the  lymphoid 
system  whicli  is  so  cliaracteristic  of  vitamin  B  doficienoy.  But  there 
are  also  other  features  which  (listin;{uish  the  later  stu^^es  of  this  amino* 
ucid  deficiency  quite  sharply  from  the  vitamin  B  deficiency,  even  by  the 
external  appearance  of  the  animals.  The  hair  falls  out  in  patches 
after  six  or  seven  weeks  of  this  diet,  and  after  another  eight  to  ten 
days,  when  the  final  stajj^e  is  reached,  there  is  an  extensive  oedematous 
coiulitlon  extending;  over  parts  of  the  trunk  and  stretching  the  skin. 
When  the  rat  is  killed  at  this  stage,  which  is  reached  after  about 
eight  weeks  of  the  deficient  diet,  the  cedema  is  found  to  consist  of  a 
transparent  gelatinous  mass  resembling  clotted  plasma  from  which  a 
clear  fluid  exudes.  The  body  thoracic  and  abdominal  cavities  also 
contain  a  considerable  amount  of  a  clear  fluid.  Of  tiie  organs  the  most 
striking  naked-eye  change  is  presented  by  the  pancreas,  which  is 
completely  disorganised  by  unlema.  Small  islets  of  pancreatic  tissue 
are  found  lying  scatteretl  in  a  clear  transparent  medium.  The  thyroid 
gland  is  abnormally  small  and  pale.  We  have  already  referred  to  the 
atrophy  of  the  lymphoid  tissue  as  a  further  macroscopical  lesion. 
Microscopic  examination  has  only  been  made  so  lar  of  the  thyroid  and 
adrenal  glands.  This  has  revealed  a  remarkable  difference  in  the 
manner  in  which  these  two  glands  react  to  this  deficiency.  The  adrenal 
gland  shows  no  very  distinct  alteration.  When  examined  by  the  osmic 
vapour  method  the  medulla  is  found  to  present  a  normal  appearance  and 
to  contain  a  fair  load  of  adrenalin.  This  confirms  the  statement  made 
by  Elliott,  to  whom  Hopkins  had  submitted  the  adrenal  glands  of  his 
animals  for  examination.  A  very  profound  change  was  found,  however, 
in  the  thyroid  gland  (PI.  I.  figs.  1  and  2).  Here  the  alveoli  are 
very  small,  almost  devoid  of  colloid,  and  widely  separated  fron>  each 
other  by  oedema.  The  morpln)logical  appearances  of  the  thyroid  gland 
taken  in  conjunction  with  the  condition  of  the  fur,  which  resembles 
that  observed  in  some  species  after  removal  of  the  thyroid  in  young 
animals,  indicate  that  the  absence  of  tryptophane  produces  a  condition 
of  hypothyroidism.  This  is,  however,  not  the  only  pathological  con- 
dition present  in  these  animals.  As  already  stated,  the  pancreas  is  also 
very  profoundly  affected,  and  the  fact  that  we  have  not  yet  been  able 
to  obtain  a  satisfactory  histological  preparation  of  th(>  pancreas  in  this 
condition  may  be  taken  as  a  measure  of  the  degree  of  the  lesion. 
There  is,  therefore,  a  very  specific  relation  In^tween  this  amino  acid 
deficiency  and  certain  endocrine  organs.  We  have  indicated  in  a 
previous  note  that  the  thyroid  requires  a  supply  of  tr3'ptophane  for 
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its  specific  functional  activity.  This  view  is  confirmed  by  tlie  fact  that 
according  to  Kendall  the  active  principle  of  the  thyroid,  thyroxin,  is  an 
iodine  derivative  of  tryptophane.  The  same  specific  relation  appears 
to  exist  between  tryptophane  anil  the  pancreas.  These  specific  lesions 
resulting  from  tryptophane  deficiency  have  apparently  not  been  noted 
before.  We  do  not  intend  to  consider  here  the  general  significance  of 
these  observations.  We  are  concerned  here  only  with  the  effect  of  a 
sj)ecific  amino-acid  deficiency  on  the  growth  of  cancer  cells  and  merely 
wish  to  establish  the  fact  that  although  most,  if  not  all,  cells  of  the 
body  require  tryptophane  for  the  building  up  of  their  protoplasm, 
there  is  a  specific  demand  for  tryptophane  on  the  part  of  certain  cells, 
and  as  the  result  of  an  inadequate  supply  specific  lesions  with  specific 
symptoms. 

If  now  a  tumour  is  transplanted  into  a  rat  which  has  been  kept  for 
several  weeks  on  our  tryptophane  free  diet,  the  tumour  in  normal  rats 
takes  and  grows  progressively,  although  not  quite  as  rapidly  as  in 
normal  rats.  Drummond  also  observed  a  slight  retardation  of  tumour 
growth  in  a  trj'ptophane  free  diet.  Our  observations  were  made  on  the 
rapidly  growing  Jensen  rat  sarcoma  (see  Figs.  9  and  10).  The  rats 
were  kept  for  three  weeks  on  the  special  diet,  so  that  a  distinct 
deficiency  in  trypto})hane  was  present,  as  shown  by  the  loss  of  weight 
and  subnormal  temperatiire,  by  the  time  the  tumour  cells  were  implanted 
into  the  animal.  The  active  proliferation  of  the  tumour  cells  under 
these  conditions  is  a  very  striking  ])henomenon.  Another  remarkable 
feature  of  these  experiments  was  that  the  presence  of  the  tumour 
aggravated  the  deficiency  so  far  ns  the  host  was  concerned,  by 
accelerating  the  onset  of  the  specific  sym{)toms  and  the  final  decline  of 
the  host.  Thus  the  tumour-bearing  rats  on  the  deficient  diet  developed 
the  final  oedema  and  died  as  a  rule  after  five  weeks,  at  a  time  when  the 
rats  without  tumours  did  not  even  show  a  falling  out  of  hair.  The 
slight  retardation  in  the  rate  of  tumour  growth  which  does  occur  is 
adequately  accounted  for  by  the  severe  pathological  lesions  which 
develop  progressively  in  the  organism  of  the  host  carrying  the  tumour. 
Tliat  progressive  growth  does  occur  under  such  conditions  is  more 
remarkable  than  that  the  rate  of  growth  is  not  as  rapid  as  in  a  normal 
host. 

The  presence  of  a  mass  of  rapidly  growing  tumour  cells  which  are 
known  to  require  a  sup{»ly  of  tryptophane  for  the  building  up  of  new 
cells  reveals  a  clear  and  significant  difference  between  the  deficiency 
of  such    a    substance   and   the  deficiency  of   vitamins.      As  we  have 
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shown,  tlio  presence  of  a  tninour  does  not  accelerate  the  onset  of  the 
symptoms  due  to  the  vitamin  <leticiency.  The  results  of  the  trypto- 
phane (It'ficioney  confirm  our  conclusion  that  vitnniinM  are  not  required 
by  either  normal  or  cancerous  cells  for  their  growth  or  their  life. 

A  few  experiments  were  made  to  study  the  effect  of  this  amino-acid 
deficiency  on  mice  carrying  a  carcinoma  (tumour  strain  63).  The 
results  were  the  same  as  with  the  rat  sarcoma.  Experiments  were  also 
carried  out  to  test  whether  experimentally  induced  resistance  could  he 
hrokon  down  by  a  diet  deficient  in  tryptophane.  The  resistance 
runiained  unbroken. 

General  Conclusions. 
1,  On  the  relation  of  diet  to  cancer. 

The  existence  of  a  rolationshi|)  between  diet  and  cancer  is  frequently 
suggested.  It  does  not  seem,  however,  to  be  clearly  realiscul  that  this 
relationship,  when  formulated  in  this  general  form,  comprises  two 
entirely  separate  and  independent  problems :  firstly  the  relation 
between  diet  and  the  origin  of  cancer,  and  secondly  the  relation 
betweeii  di<'t  and  the  growth  of  cancer.  If,  for  instance,  we  accepted 
as  (established,  for  the  sake  of  argument,  the  existence  of  a  dietetic 
factor  in  the  causation  of  cancer,  it  would  by  no  means  follow  that  this 
dietetic  factor  had  any  effect  on  the  growth  of  cancerous  cells  once 
they  had  come  into  existence.  To  take  a  concrete  example.  Fibiger 
has  sliown  that  a  certain  nematode  when  ingested  bv  rats  can  l«»ad  bv 
its  continued  chronic  irritation  to  cancer  of  the  stomach  and  of  the 
tongue.  Similarly,  Bullock  and  Curti.s  found  that  sarcoma  of  the 
liver  in  rats  arises  frequently  as  the  result  of  the  presence  in  the  liver 
of  another  parasite.  These  forms  of  cancer  are  due,  therefore,  to  the 
prolonged  chronic  irritation  of  parts  of  the  digestive  tract  by  an  agent 
ingested  accidentally.  It  may  be  said  that  in  a  general  sense  a  dietetic 
factor  is  involved  here,  since  these  particular  cas<'s  of  cjincer  could  not 
occur  if,  for  instance,  the  diet  is  restricted  to  cooked  food.  But  once 
the  transformation  of  norma)  cells  into  cancerous  cells  has  occurred, 
the  presence  of  the  parasite  is  no  longer  necessary  :  this  particular 
di<'tary  factor  has  no  effect  on  the  tnoirl/t  of  cancer. 

The  possibility  of  a  similar  etiological  factor  of  cancer  of  the  digestive 
tract  in  man  exists,  but  it  has  not  yet  been  tlemonstrated  bv  such  a 
systenuitic  examination  of  specimens  of  human  cancer  of  the  stomach 
and  intestine  as  led  Fibiger,  Bullock  and  Courtis  to  their  conclusions. 
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It  may  be  of  use  to  point  out  that  the  clinical  history  is  of  little  use, 
since  the  work  on  tar  cancer  has  shown  that  a  long  period  of  latency 
exists  between  the  application  of  the  chronic  irritant  and  the  resultant 
cancerous  manifestation.  In  mice  and  rats  this  period  nuiy  extend 
to  several  months.  In  view  of  the  fact  that  these  animals  are  very 
short-lived  as  compared  with  m;in,  and  that  therefore  biological 
processes  in  man  take  much  longer,  the  latent  period  in  man  is  likely 
to  extend  over  many  years.  Thus  cancer  of  the  stomach  occurring, 
say  in  middle  age,  may  be  due  to  a  factor  which  became  0{)erative 
twenty  years  before  and  which  may  long  have  ceased  to  operate. 

The  experiments  recorded  in  this  paper  deal  only  with  the  second 
problem  :  the  relation  of  diet  to  the  growth  of  cancer.  The  growth  of 
cancer  cells  cannot  be  arrested  by  withholding  from  the  host  a  supply  of 
the  food-accessory  substances  called  vitamins,  although  these  substances 
were  supposed  to  be  essential  for  growth.  The  explanation  of  this 
apparent  paradox  is  to  be  found  in  the  current  misconception  of  the 
mode  of  action  of  vitamins.  These  substances,  although  necessary  for 
the  life  and  well-being  of  a  highly  differentiated  organism  as  a  whole, 
are  not  necessary  for  the  life  and  growth  of  the  individual  cells  of  such 
an  organism.  They  are  not  "  growth  factors  "  in  the  strict  sense  of 
the  word. 

The  experiments  on  tryptophane  deficiency  refer  to  a  different  and 
more  fundamental  aspect  of  the  growth  problem.  For  we  are  dealing 
here  with  a  deficient  supply  to  the  host  of  a  substance  which  actually 
represents  a  building  stone  of  the  protoplasm  of  both  normal  and 
cancerous  cells  and  which  the  organism  cannot  synthetise.  Never- 
theless the  tumour  grows,  while  the  growth  of  the  whole  animal  is 
arrested  and  even  such  tissues,  as  the  testis  and  the  spleen,  undergo 
atrophy  which  exhibit  normally  a  very  active  formation  of  new  proto- 
plasm, i.  e.  growth.  Dietary  restrictons  such  as  we  have  investigated 
in  varying  degrees  impair  the  health  of  the  host  carrying  the  tumour 
without  arresting  the  growth  of  the  tumour.  They  are  therefore 
therapeutically  useless.  But  this  curious  difference  between  the 
nutrition  of  the  host  and  the  tumour  raises  questions  of  general 
interest  on  the  general  problem  of  growth, 

2.   On  the  hlochemical  meclianism  of  (jroivtJi. 
It  is  well  known  that  an  animal  when  deprived  of  food  or  limited  in 
its  supply  is  able  to  make  food   material  available  for  certain  of  its 
cells  at  the  expense  of  others.     In  mammals  the  lymphoid  tissues  and 


29 

the  te»teM  uiuier^o  profound  atrophy  and  the  processes  of  growth 
procpcding  in  tlioni  are  nrrested,  wliile  an  organ  such  as  the  hoart  shows 
relatively  little  loss  in  weight.  There  is,  therefore,  a  mechanism 
of  oorrolution  between  the  different  organs  and  tissues  of  a  normal 
animal,  which  regulates  their  growth  and  functional  activities.  In  a 
pregnant  animal,  however,  the  cells  of  the  grovving  embryo  are  not 
sul)ject  to  such  a  regulating  mechanism.  Within  wide  limits  their 
growth  proceeds  independently  of  the  food  supply  to  the  maternal 
organism.  The  same  holds  good,  as  our  present  experiments  have 
shown,  for  cancer  cells.  Wo  have  in  previous  papers  repeatedly 
pointed  out  the  similarity  which  exists  between  the  growth  of  the 
embryo  in  the  maternal  organism  and  the  growth  of  a  neoplasm 
in  its  host.  This  autonomy  of  growth  is  a  further  instance,  and  the 
experiments  with  tryptophane  are  a  striking  demonstration  of  this 
phenomenon.  The  autonomy  of  growth  of  cancer  cells  and  embryonic 
cells  is  a  phenomenon  difficult  to  understand  as  long  as  we  allow  our 
conceptions  of  growth  to  be  dominated  by  observations  on  the  increase 
in  size  and  weight  of  a  highly  differentiated  organism  as  a  whole. 
Though  in  the  popular  sense  this  is  the  phenomenon  wliich  at  once  comes 
into  one's  mind  when  speaking  of  '*  growth,'' in  the  biological  sense  it  is 
a  very  special  and  atypical  form  of  growth.  For  it  depends  almost 
entirely  on  tlic  growth  of  the  long  bones  and  might  therefore  be  suitably 
called ''skeletal  growth."  This  "  skeletal  growth  "  is  dependent  on  a 
great  variety  of  external  factors.  It  can  be  easily  arrested  or  retarde*! 
and  accelerated  again  by  suitable  experimental  con»Hlions,  anti  thus  the 
conception  has  been  formed  that  growth  is  something  which  can  be 
added  to  or  taken  away  from  the  life  of  normal  cells.  This  conceplion 
finds  its  expression,  in  the  terms  so  frequently  used,  that  cells  "acquire" 
or  "  lose '' the  power  of  growth.  We  believe  this  conception  to  be  a 
misUiken  one.  Grosvth  in  the  biological  sense  means  the  new  formation 
of  living  protoplasm,  and  this  is  as  much  a  property  inherent  in  living 
protoplasm  as  irritability  or  contractility.  These  properties  of  living 
protoplasm  may  not  always  manifest  themselves  until  a  suitable  stimulus 
is  applied.  A  resting  muscle  does  not  exhibit  its  contractility  until  a 
suitable  stimulus  is  applied.  The  cells  of  the  skin  alwav  exhibit  slow 
growth  and  if  the  skin  is  cut  will  exhibit  very  active  growth.  Even  a 
nerve  cell  which  is  said  to  have  "  lost "  the  power  of  growth  will  manifest 
a  very  active  process  of  growth  when  a  suitable  stimulus  is  applied  by 
cutting  its  outflow — the  peripheral  nerve  fibre.  We  do  not  say  in  these 
cases  that  a  muscle  has  "  acquired  "  the  power  to  contract,  and  we 


30 

should  not  therefore  s:iy  that  the  cells  of  the  skin  or  the  nerve  cell  have 
"  acquired  "  the  power  to  grow.  Growth  like  irritability  or  contractility 
is  a  manifestation  of  the  physico-chemical  state  of  protoplasm.  We 
have  shown  in  previous  papers  '^^  that  one  physico-chemical  condition  of 
living  protoplasm  which  is  always  associated  with  rapid  growth  both 
in  normal  and  cancerous  colls  is  a  condition  of  increased  imbibition  of 
the  protoplasmic  colloids,  and  a  similar  view  was  expressed  at  the  recent 
Xlth  International  Congress  of  Physiology  by  Rnbner^^^\ 

If  we  look  upon  growth  as  being  as  much  a  property  of  living 
protoplasm  as  contractility,  for  instance,  the  difference  between  the 
correlated  growth  of  the  cells  of  the  normal  body  and  the  autonomous 
growth  of  embryonic  cells  and  of  cancer  cells  finds  an  analogy  in  the 
difference  between  the  autonomous  contraction  of  a  cardiac  muscle  cell 
and  the  non-autonomous  contraction  of  a  skeletal  muscle  cell  which  is 
elicited  only  by  applying  an  appropriate  stimulus.  We  can  thus 
farther  draw  a  sharp  distinction  between  various  factors  conditioning 
growth,  and  distinguish  those  that  serve  merely  to  maintain  the 
integrity  of  the  living  protoplasm  such  as  food  supply,  from  those 
which  act  as  stimuli  or  as  inhibitions. 

The  observations  on  the  cultivation  of  tissues  in  vitro  conform  to  this 
conception  of  growth  as  a  property  of  living  protoplasm.  By  the  use 
of  a  saline  medium  Drew  has  been  able  to  analyse  some  of  the  factors 
necessary  for  growth  in  vitro.  He  finds,  as  the  papers  printed  in  this 
Report  show,  that  embryonic  cells  and  tumour  cells  show  active  growth 
when  placed  in  the  saline  medium,  together  with  an  extract  of  embryos, 
which  appears  to  be  necessary  to  maintain  the  integrity  of  the  living 
protoplasm.  The  cells  of  a  young  animal,  however,  are  not  capable  of 
this  autonomous  growth  under  these  conditions.  They  require  in 
addition  a  stimulus.  Such  a  stimulating  substance  is  formed  by  normal 
ceils  when  they  are  damaged,  but  is  always  present  in  cancer  cells. 
When  this  stimulus  is  applied  the  inherent  property  of  growth  is  elicited 
also  in  normal  cells. 
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Description  of  Fig.  3  (p.  32). 

Fio,  3. — Effect  of  vitamin  deficiencies  on  A  slowly  growing  mouse  carcinoma  (Twort). 
Mice  Nos.  1-7  were  kej)!  on  the  basal  ration  to  which  both  vitamins  A 
and  15  were  added.  Mice  8-13  received  the  basal  ration  plus  vitamin  B, 
and  Avere  therefore  on  a  diet  free  from  vitamin  \.  Mice  14-20  were  in  a 
similar  way  kept  on  a  diet  free  from  vitamin  B.  The  curve*  on  the  right 
hand  side  give  tlie  weight  of  the  host  plus  tumour  in  full  black,  the  final 
weight  of  the  host  alone  in  dotted  lines.  Note  that  the  weight  of  the  bu^t 
alone  increased  on  the  diet  free  from  vitamin  \,  and  showetl  a  great  decline 
on  the  diet  free  from  vitamin  B. 
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FlO.  3.     (For  description  see  p.  31.) 


PLATE  I. 


¥iti 


-  1.— Tlivioiil  glniul  of  a  joiinj;  rat  kept  on  n  diet 
deficient  in  trvptophaue.  The  whole  glnnd  is  oede- 
mntous,  the  cnpiUaries  in  the  stroma  are  dilated,  tho 
alveoli  are  coUapstnl  and  contain  very  little  or  no 
colloid.     Schriddo  X  2oO.     Ilfidt'nhain  luviuatoxvlin. 


lo.  2.— Thyroid  gland  of  two  young  rats  kept  on  our  ordinary  labom- 
tory  diet.  The  left-hand  figure  repivsent^  the  thyroid  with  part  ot 
a  parathyroid  of  a  rat  which  had  been  fed  on  thyroid  gland  (0-3  gmi. 
dried  thyroid)  for  three  days.  The  right-hand  figure  is  from  a 
normal  control  rat.  The  sections  were  stained  on  the  same  slide 
with  Heidenhain's  ha'matoxylin.  The  alveoli  in  both  eases  are 
uniformly  filled  with  colloid,  which  retains  the  hiematoxTlin  more 
firmly  in  the  thyroid  fed  rat.  This  is  attributed  to  the*  leasened 
demand  for  the  thyroid  hormone  in  thij»  case.     Schridde  x  2oO. 


33 


Z    * 


3    • 


•RAT,  lb  •  ♦  21 


+  A 
-B 


•  •  • 

•  •  • 


•    •    •!•    t 


4    • 


5    • 


T 


•  •  # 


•  •  • 


+  B 


•  •••• 

•  • ••• , 


•RM  lb  9  4  21      L^B.DIET 


«    • 


7    ' 


•         •        « 


«#### 


•        •         •       #        % 


K) 


FiQ.  4. — Effect  of  vitamin  deficiencies  on  a  slowly  growing  rat  fibro-sarcoma.  Rats  1-3 
^  were  on  a  diet  free  from  watiT  soluble  vitanjin  B.  Rat»  4  and  5  on  a  diet  free 
from  the  fat  soluble  A.  The  control  rats  6-11  were  in  this  experiment  kept  on 
our  ordinary  laboratory  diet.  The  addition  of  vitamin  H  to  the  diet  of  Rat  3  when 
in  the  final  stage  of  vitamin  R  deficiency  rapidly  restored  the  skeletal  growth  of 
the  host  (see  growth  curve)  but  did  not  markedly  affect  the  growth  of  the 
tumour. 
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Fio.  9. — Effect  of  a  diet  deficient  in  tryptophane  ou  the  growth  of  a 
rapidly  growing  rat  sarcoma  (J,  R.  S.).  In  this  experiment 
the  rats  (Rats  7-9)  had  been  fed  for  three  weeks  on  the  trypto- 

"^  phane  deficient  diet  so  as  to  exhaust  the  tryptophane  store  of 

the  host  before  implanting  the  tumour.  The  tumour  took  in 
every  rat  ou  the  deficient  diet  and  grew  progressively,  ffidema 
(OE  in  curves)  supervened  in  two  weeks.     Rats  1-6  are  controls 

yt  on  the  laboratory  diet  and  show  in  two  cases   spontaneous 

absorption. 


4  »    f 


'% 


JRS       /A  LAB,  DIET  ^ 


^      •  # 


6      « 


•ft 


2    • 


MAIZE    MEAL 

DIET 

INOC 

OB 

«## 

\ 

X 

CONTROL                     ^ 

\-^ ( 

OE  =  OEDEMA 

MAIZE    MEAL  DIET  24^ 

14/       21/  "*    ^      #       •        ^,^  ^^ir 

^2  '1 

Fio.  10.— Experiment  similar  to  that  illustrated  in  Fig.  9.     The  lowes 
growth  curve  is  that  of  a  rat  without  a  tumour,  and  shows 
when  compared  with  the  curves  of  Rats  5  and  6  how  the  onset 
of  oedema  is  accelerated  by  the  presence  of  a  tumour. 


[Kitjhth  Scientijif  Report  of  the  Imperial  Cancer  tiesearch  Fund,  1923.] 


A   COMPARATIVE  STUDY   OF 

NORMAL   AND   MALIGNANT  TISSUES   GROWN 

IN  ARTIFICIAL  CULTURE  *. 

By  a.  H.  drew,  D.Sc. 
(Pl.\tes  II.-VI.) 


Onk  of  the  easiest  methods  to  obtain  comparative  biochemical  inform- 
ation as  to  the  metabolism  of  both  normal  and  malignant  cells  would  be 
to  treat  such  cells  as  bacteria  and  grow  them  in  suitable  media  outside 
the  body.  The  present  work  is  an  attempt  to  sudy  cells  from  this  point 
of  view  and  to  arrive  at  a  satisfactory  artificial  medium  in  which  they 
may  be  cultured  indefinitely.  C'arrel  and  Burrows  (^1912)  and  others 
have  shown  that  cells  may  be  grown  for  many  generations  in  certain 
media.  The  great  majority,  however  of  the  American  workers  have 
used  plasma  as  a  culture  medium,  either  alone  or  with  the  addition  of 
various  extracts.  Apart  from  the  technical  difficulties  of  growing 
tissues  in  such  media,  plasma  is  very  unsatisfactory  when  accurate 
biochemical  information  is  required.  Slight  differences  in  varioas 
samples  of  plasma  often  make  great  diffeiences  in  growth,  and  it  is  at 
all  times  very  difficult  to  control.  Even  for  histological  study  plasma 
growths  leave  much  to  be  desired,  as  it  is  often  found  that  the  plasma 
retains  the  stain  quite  as  tenaciously  as  the  cells  themselves.  Before 
discussing  artificial  culture  media,  it  is  necessary  to  consider  the 
features  of  growth  in  plasma  of  embryonic  tissues,  adult  tissues,  and 
tumours. 

The  whole  of  our  work  has  been  carried  out  with  either  rat  or  mouse 
tissues,  and  mouse  tumours  in  rat  plasma.  Most  of  tlie  American 
workers  have  used  bird  plasma,  but  as  it  was  thought  desirable  to  use  a 
plasma  differing  as  little  as  possible  from  that  of  the  animals  from  which 
the  tissues  were  taken,  rat  plasma  was  chosen  as  being  specially  suitable. 

♦  Heprinted  bv  permission  from  *  Th«  liritisb  Joiirnal  of  Kxperiin«>DtAl  PathoI<3gy,' 
Vol.  iii.  no.  1  (February  192:?.) 
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It  has  been  found  possible  considerably  to  simplify  the  nsual  technique 
for  obtaining  such  material.  A  hollow  platinum  needle  such  as  is  used 
for  the  transplantation  of  tumours  is  fused  into  a  glass  tube  some  20  cm. 
in  length  and  about  5  mm.  internal  diameter.  This  is  thoroughly  coated 
with  paraffin  wax  by  inmiersion  in  a  bath  of  equal  parts  of  paraffin  of 
M.P.  45°  C.  and  56°  C.  When  required  for  use  the  tube  is  lifted  out 
and  quickly  drained,  air  being  blown  through  in-  order  to  keep  the 
needle  clear.  The  rat  is  aneesthetised  with  ether  and  the  thorax  quickly 
opened  with  aseptic  precautions  ;  the  heart  is  then  steadied  with  forceps 
and  the  needle  thrust  into  the  right  ventricle.  The  blood  is  allowed  to 
flow  into  the  paraffined  tube  till  the  flow  slackens.  The  needle  is  then 
withdrawn  and  the  contents  at  once  run  into  paraffin-coated  sterile  glass 
centrifuge  tubes  and  centrifuged  at  high  speed  for  three  minutes.  I 
have  found  the  type  of  tube  shown  in  Fig.  1 
to  be  the  most  convenient  pattern  for  the  work. 
The  tubes  should  be  thoroughly  cooled  before 
the  blood  is  run  in,  and  it  is  best  to  surround 
them  during  centrifuging  with  ice  and  salt 
mixture.  The  supernatant  plasma  is  removed 
with  a  paraffined  Pasteur  pipette  and  is  again 
centrifuged  in  the  cold  for  one  or  two  minutes. 
This  is  necessary  to  separate  the  blood-platelets 
as  far  as  possible  and  so  delay  clotting.  About 
two-thirds  of  the  resulting  plasma  is  next 
pipetted  off  with  a  paraffined  pipette  and  is 
placed  in  a  sterile  paraffin-coated  glass  tube,  jtig.  l.— Centrifuo-e  tube 
which  is  kept  in  a  wider  tube  packed  in  ice  for  collection  of  plasma. 
and  salt.    The  tissues  to  be  cultured  are  removed 

from  the  animal  with  strict  aseptic  precautions,  and  are  transferred  to 
sterile  glass  capsules  containing  a  little  sterile  Ringer's  solution.  There 
is  no  necessity  to  keep  the  tissues  at  37°  (J.  prior  to  culture  ;  in  fact, 
they  may  be  stored  in  the  ice-chest,  and  will  still  give  growths  after 
five  days.  When  required  for  culture  the  organ  selected,  e.  g.  heart,  is 
cut  up  into  small  pieces  with  iridectomy  knives  and  the  pieces  are  kept 
moist  by  a  few  drops  of  Ringer's  solution.  A  piece  is  placed  on  a 
sterile  cover-glass,  and  is  then  covered  with  plasma  which  is  added 
from  a  sterile  paraffined  Pasteur  pipette.  The  plasma  clots  in  the  space 
of  a  minute  or  two  and  the  cover-glass  is  then  placed  over  a  well  slide 
and  is  sealed  with  paraffin  wax.  It  is  then  incubated  at  37°  G.  In 
order  to  reduce  the  chances  of  infection  to  a  minimum  it  is  best  to 
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carry  out  the  ciilturin^  nndor  cover  of  a  ^lass  case,  which  can  he  flamed 
i mined iatoly  before  use.  Subculturing  is  performed  hy  raising  the 
cover-ghiss  by  means  of  a  safety-razor  l)lado,  cutting  carefully  round 
the  growth  with  iridectomy  knives,  taking  especial  care  to  free  it  from 
all  traces  of  plasma.  The  fragment  is  next  washed  in  sterile  Uingor's 
solution,  and  divided  if  necessary,  each  piece  being  planted  into  fresh 
plasma  as  already  described. 

All  tissues  do  not  behave  alike  when  grown  in  plasma  in  this  way. 
The  differences  can  best  bo  brought  out  by  a  short  description  of  the 
results  with  mou.so  embryo  heart,  adult  mouse  heart,  and  a  rapidly 
growing  mouse  sarcoma — 37  S.  of  this  laboratoy.  In  24  hours  at  37**  C 
the  embryo  heart  shows  growth  all  round  the  edges  of  the  original 
fragment,  the  growth  consisting  of  both  heart-cells  and  connective  tissue. 
The  adult  heart  shows  no  growth  whatever  either  of  connective-tissoe 
cells  or  heart-cells,  whilst  the  sarcoma  shows  first  a  circular  area  of 
liquefaction  round  the  original  fragment  with  extensive  growth  around 
this,  in  the  form  of  a  ring  (PI.  II.  fig.  2  a)  ;  such  ring-shaped  growths 
are  very  characteristic  of  sarcoma  grown  in  rat  plasma.  These  growths 
have  been  frequently  described  and  [)ictured  by  several  authors,  but  no 
explanation  of  this  arrangement  of  the  cells  has  been  advanced.  Wo 
have  observed  that  cultures  of  this  type  show  an  early  liquefaction  of 
the  fil)rin  network  immediately  surrounding  the  implanted  fragment. 
Contraction  of  the  peripheral  portions  of  the  fibrin  network  will  of 
necessity  lead  to  the  circular  arrangement  of  growing  cells.  The 
embryo  heart  continues  to  grow  for  several  days  and  ujay  beat  actively ; 
the  sidult  heart,  as  a  rule,  shows  no  signs  of  growth  at  any  time,  hut 
occasionally  after  a  lag  of  about  a  week  may  show  slight  growth  in  a 
very  small  percentage  of  cases. 

The  sarcoma  begins  to  degenerate  in  48  hours  and  unless  subcultured 
dies  in  from  two  to  three  days.  Provided  it  is  subcultured  at  interval.*, 
the  embryo  heart  will  live  and  continue  to  grow  for  as  long  as  forty 
days,  but  growth  finally  ceases.  The  sarcoma,  as  already  stated, 
degenerates  very  rapidly  after  the  second  day.  Hepeated  subculture 
every  day  will,  however,  give  vigorous  growths  for  a  month  or  more, 
when,  as  in  the  case  of  embryo  heart,  the  cultures  die  out.  Inoculations 
of  such  repeatedly  subcultured  growths  into  mice  give  tumours  in  every 
case,  showing  the  tumour-cells  to  he  alive  and  unaltered  biologically. 
Such  a  process  of  growth  as  occurs  with  embryo  heart  in  a  plain  plasma 
medium  nmy  bo  considered  typical  of  all  normal  embryonic  tissues,  as  I 
have  found  all  tho.ie  studied  to  behave  in  a  similar  manner. 
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From  the  beliavionr  of  the  37  sarcoma  it  seemed  probable  that  some 
toxic  substance  was  elaborated  which  caused  the  very  early  degeneration. 
A  number  o£  plasma  cultures  were  accordingly  taken,  and  both  plasma 
and  growth  were  ground  up  with  sterile  sand  and  a  very  small  quantity 
of  distilled  water  ;  this  emulsion  was  then  centrifuged  and  the  clear 
supernatant  fluid  pipetted  off.  A  series  o£  12  cultures  of  embryo  heart 
and  37  S.  were  put  up  in  a  plasma  medium  containing  i  plasma  and  I 
of  the  37  S.  extract.  Along  with  these  cultures  a  further  series  of 
heart  and  37  S.  cultures  were  prepared  containing  f  plasma  and  J~ 
distilled  water.  The  embryonic  heart  grew  in  every  case  in  both  media. 
The  sarcoma  grew  in  every  instance  in  the  plasma  diluted  with  distilled 
water,  but  failed  completely  in  those  fragments  immersed  in  plasma 
diluted  with  the  extract  of  37  S.  cultures. 

It  is  evident  that  37  S.  in  culture  jiroduces  some  substance  which  is 
toxic  to  itself  and  can  inhibit  growth  in  vitro.  This  substance  is 
evidently  not  toxic  to  heart.  Heat  at  60°  C.  for  half  an  hour  destroyed 
its  toxicity.  Most  of  the  tumours  tested  showed  varying  degrees  of 
toxicity,  but  not  to  the  same  extent  as  did  37  S. 

It  will  be  observed  from  these  experiments  that  the  various  tissues  and 
tumours  can  be  grouped  into  three  divisions,  viz.  embryonic  tissues, 
which  grow  vigorously  in  a  plain  plasma  medium  ;  tumours  which  also 
give  growth,  but  not  to  such  an  extent  as  do  the  embryonic  cells  ;  and 
adult  tissues  which  show  little  or  no  growth.  This  point  will  have  to 
be  discussed  in  greater  detail  when  considering  the  growth  of  tissues  in 
artificial  media.  Tiie  addition  of  various  amino-acids  (glycine,  alanine, 
valine,  arginine,  and  histidine)  to  rat  plasma  gave  in  most  cases  a  some- 
what greater  initial  growth  than  was  obtained  in  plain  plasma.  Micro- 
scopic examination  of  such  growths  showed  that  the  majority  of  the 
cells  were  underlying  amitotic  division,  very  few  mitoses  being  observed. 
Plasma  rendered  hypotonic  by  the  addition  of  distilled  water  gave  an 
exactly  similar  effect.  I  believe  that  this  represents  a  degenerative 
])henomenon,  as  cultures  made  in  this  way  die  out  at  an  earlier  date 
than  do  plain  plasma  cultures,  and  there  seems  to  be  little  doubt  that 
the  cells  are  quite  unable  to  use  the  amino-acids  as  food  substances — in 
fact,  the  continued  presence  of  these  acids  seems  to  be  toxic  to  the  cells. 

It  is  extremely  desirable  to  be  able  to  dispense  with  plasma  as  a 
culture  medium  in  order  that  the  conditions  may  be  more  rigidly 
controlled.  Lewis  (1920)  showed  that  a  certain  amount  of  growth  takes 
place  in  Locke's  solution  containing  0"25  per  cent,  glucose  and  10  per 
cent,  of  chicken  bouillon.     Such  growths  appear  to  have  been  poor, 
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however,  unci  probably  represent  little  more  tbun  survival  of  cells.  It 
was  found  that  better  growths  could  be  obtained  with  this  Locke-Lewis 
solution  if  the  calcium  chloride  and  the  sodium  bicarbonate  were  steamed 
separately  and  added  before  use.  Cultures  in  such  solution,  however, 
tend  to  die  out  ut  an  early  date,  and  cannot  be  subcultured  indefinitely, 
and  are  never  equal  to  growths  obtained  in  plasma.  After  many  trials 
the  following  solution,  the  inorganic  constituents  of  which  are  nearly 
identical  with  those  of  plasma,  was  found  to  be  satisfactory  *  : 

NaCl 0-900 

KCl 0-042 

NaHCOa     .....  0-020 

CaCl, 0-020 

CaH4(P04)2     ....  0-010 

MgHPO^ 0-010 

H3O 100 

The  suits  used  in  the  pre))aration  of  this  solution  must  be  pure.  It 
will  bo  found  best  to  make  up  stock  solutions  of  the  various  salts  ten 
times  asi  strong  as  the  final  concentration.  Ten  c.c.  of  the  NuCl,  KCl, 
and  MgHPOi  solutions  are  then  pipetted  into  a  flask  and  40  c.c.  of 
distilled  water  added.  The  calcium  solutions  and  the  bicarbonate  are 
steamed  in  three  separate  flasks,  and  just  before  use  10  c.c.  of  each  is 
j)ipetted  into  the  mixture.  The  solutions  should  not  be  autoclaved. 
The  best  results  are  got  by  steaming  for  not  more  than  ten  minutes. 
The  finished  solution  should  have  a  faint  bluish  opalescence.  If  a 
precipitate  is  formed  such  as  occurs  when  the  fluid  is  autocluved  it  is 
useless.  The  pH  of  the  fluid  should  be  7*4,  since  growth  only  appears 
to  occur  within  very  narrow  limits  of  this  value.  Examination  of  the 
fluid  so  prepared  by  dark-ground  illumination  shows  very  fine  particles 
in  active  movement.  These  disappear  on  the  addition  of  a  weak  acid, 
such  as  acetic  acid.  In  this  solution  I  have  obtained  as  good  growths 
of  embryonic  tissues  as  in  })lasma,  for  a  few  generations.  The  same 
remarks,  however,  that  were  made  regarding  plain  plasma  growths 
apply  here,  viz.  that  growth  gradually  ceases  and  tissues  ultimately  die. 
No  growth  of  adult  tissues  couKl  be  obtained  in  such  a  fluid,  and  it  was 
noticed  that,  although  embryonic  tissues  grew  well,  tumours  were  far 
more  diflicult  to  grow  in  such  a  fluid  than  in  plasma.  The  addition  of 
glucose  to  the  fluid  gave  no  better  results.  As  such  fluids  contain  no 
nitrogen  the  addition  of  rat  serum  was  tried,  but  the  resulting  growths 

*  Set)  also  Ibotuute,  p.  48. 
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were  no  greater  than  were  obtained  without  it.  The  addition  of  embryo 
extract  was  also  tested.  The  extract  was  prepared  by  finely  mincing 
mouse  or  rat  embryos  in  a  small  quantity  of  the  above  saline  solution, 
and  freezing  and  thawing  the  mass  two  or  three  times  so  as  to  disintegrate 
the  cells  as  much  as  possible,  and  then  centrifuging  till  a  clear  or  faintly 
opalescent  fluid  was  obtained.  Cultures  were  put  up  containing  2  parts 
of  such  an  extract  with  3  of  the  saline  solution,  and  very  rapid  and 
vigorous  growths  were  obtained  both  of  embryonic  tissues  and  tumours. 
These  cultures  could  be  subcultured  apparently  indefinitely,  and 
increased  greatly  in  bulk.  Growths  of  adult  tissues  could  also  be 
obtained,  though  with  far  greater  difficulty.  Once  growth  started, 
however,  it  was  easy  to  keep  it  growing  in  subculture. 

It  seems  evident  from  these  experiments  that  for  the  continued 
growth  of  tissues  outside  the  body  at  least  two  factors  are  necessary — a 
saline  solution  in  which  calcium  salts  are  probably  in  the  colloidal  state, 
and  some  substance  or  substances  contained  in  an  extract  of  embryonic 
cells.  Indeed,  Carrel  and  Ebeling  (1921),  in  a  recent  paper,  appear  to 
consider  that  the  indefinite  multiplication  of  cells  in  a  medium  is  due 
entirely  to  substances  contained  in  embryonic  juice.  This  conclusion  is 
supported,  not  only  by  the  above  experiments,  but  by  the  fact  that 
continuous  growth  cannot  be  obtained  in  plain  plasma  cultures  unless 
embryonic  extracts  are  added  to  them.  Heat  at  60° C.  for  an  hour 
seems  to  impair  greatly  the  efficacy  of  the  extracts.  Whatever  the 
substance  or  substances  in  embryo  extracts  are,  it  appears  unlikely  that 
they  are  merely  a  product  of  all  rapidly-growing  tissues,  as  tumour 
extracts  cannot  replace  embryo  extract.  It  was  further  found  that 
proliferating  connective  tissue  furnished  an  extract  which  was  inert. 
This  tissue  was  obtained  by  inoculating  diatomaceous  earth  subcutan- 
eously  into  rats.  The  extraction  was  made  in  the  manner  already 
described  for  making  embryo  extract.  The  plasma  of  a  pregnant  animal 
was  tried,  but  it  also  could  not  replace  embryo  extract,  so  that,  whatever 
the  substances  are,  they  are  evidently  not  present  in  the  maternal 
circulation.  As  has  already  been  stated,  a  certain  limited  amount  of 
growth  can  be  got  from  both  tumours  and  embryonic  tissues  in  a  plain 
plasma  medium.  It  seems  probable,  therefore,  that  in  such  cases  where 
limited  growth  occurs  without  the  addition  of  extract,  it  must  be  due  to 
substances  curried  over  with  the  original  fragment.  When  this  is  used 
up  growth  ceases.  Tumours  would,  on  this  view,  contain  some  of  the 
necessary  substances  for  growth,  but  evidently  not  in  anything  like  the 
amount  that  embryonic  extracts  do,  and,  judging  from  these  experiments. 
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the  adult  tissues  of  the  mouse  and  rat  must  contain  little  or  none.  A 
point  arises  in  this  connection  of  great  interest,  viz.  that  although  adult 
mouse  tissues  are  most  diflicult  to  cultivate,  yet  tumours  will  grow 
coiuparativcly  easily,  and  show  in  most  cases  abundant  growth  of  the 
stroma  as  well  as  of  parenchyma.  The  stroma  growth  is,  of  course, 
derived  from  the  host,  and  it  therefore  appears  that  the  tumour  has  a 
very  detinite  action  on  the  connective  tissues  of  its  host,  enabling  them 
to  grow  in  a  similar  manner  to  embryonic  tissue?  outside  the  body. 

(!omplete  loss  of  differentiation  does  not  appear  to  be  a  nocessaiy 
consequence  of  successful  culture  in  vitro,  especuilly  in  fluid  media. 
Thus,  heart  may  be  grown  for  generation  after  generation,  all  traces  of 
the  original  frngment  having  di!»a|)peared,  and  the  growth  consisting  of 
a  thin,  rapidly  growing,  pulsating  sheet  of  cells.  These  cells  if  suitably 
fixed  and  stained  (alcohol  acetic  or  Fleming  fixation,  followed  by  iron- 
haiuiatoxylin)  show  typical  myofibrillaj.  Most  of  the  American 
observers  have  described  heart  growths  as  consisting  of  fibroblasts. 
Lake  (19111),  who  observed  pulsation  of  individual  cells,  was  the  first  to 
sufffrest  that  these  were  really  muscle-cells.  There  can  be  no  doubt 
that  this  is  the  correct  view,  the  cells  in  most  cases  being  typically 
striated  as  shown  in  PI.  III.  fig.  3  a  and  PI.  IV.  fig.  vW>.  It  has 
been  stated  that  no  pulsation  occurs  in  heart  cultures  till  a  certain 
amount  of  tension  has  been  obtained  by  contraction  of  the  medium. 
Cultures  in  this  liquid  medium,  ho.vever,  frequently  show  active 
pulsation  when  the  fragment  is  floating  free,  so  that  external  tension  is 
out  of  the  question. 

Cultures  of  embryo  skin  present  interesting  features.  Growth  spreads 
out  from  the  original  fragment  as  a  thin  sheet  of  shorter  or  longer 
spindle-cells  showing  active  mitosis  (PI.  V.  fig.  4),  and  growth 
continues  in  this  form  if  sub-cultured  every  three  or  six  days.  If, 
however,  the  culture  be  left  to  itself  for  five  or  six  days,  keratiuisation 
begins  (PI.  V.  fig.  5).  C'ultures  of  mammary  carcinoma  such  as 
strain  20()  of  this  laboratory  show  at  first  only  a  rapid  growth  of  stroma. 
In  forty-eight  hours,  however,  the  j)arcnchyma  commences  to  push 
through  the  stroma  in  the  form  of  finger-shaped  processes  (PI.  VI. 
fig.  '*>)•  These  gradually  spread  out  and  in  later  subcultures  show  an 
acinous  appearance  (Fig.  7).  In  some  cases  the  stroma  tends  to 
die  out  after  the  first  8ul)culture  and  a  pure  growth  of  parenchyma  is 
obtained. 

All  such  cultures  show  that  there  is  a  peculiar  n'lationship  lietween 
the   fibroblasts   and    the   epithelial   cells.     Fur   example,   in    cultures 
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of  carcinoma  206,  where  an  abundant  growth  of  stroma  as  well  as  of 
parenchyma  is  obtained,  the  parenchyma  shows  an  acinous  type  of 
structure  in  the  later  subcultures  as  growth  progresses.  If,  however, 
this  tumour  be  subcultured  very  frequently,  from  the  first  the  growth 
of  parenchyma  is  free  from  stroma.  Such  a  growth  merely  forms  a 
mass  of  undifferentiated  cells  with  no  tendency  to  form  acini.  Similarly, 
while  skin  is  growing  with  a  large  amount  of  connective  tissue 
keratinisation  is  frequent,  but  when,  as  occasionally  happens,  the  skin 
grows   out   as   a   sheet   away   from    the    connective-tissue    cells,    no 


Fia.  7. — Five-day  culture  of  mouse  carciiionia  206,.  showing  acinous  type 
of  growth  parenchyma  with  abundant  stroma  growth.     X  50. 

keratinisation  occurs  and  growth  continues  as  a  mass  of  rapidly 
dividing  spindle-shaped  cells.  The  same  thing  applies  to  heart. 
Where  the  heart-cells  grow  in  proximity  to  connective-tissue  cells  they 
show  typical  myofibrilla?,  but  if  the  connective-tissue  growth  fails,  or  the 
heart-cells  grow  away  from  the  connective  tissue,  they  appear  merely  as 
spindle-shaped  cells  and  myofibrils  are  absent,  though  the  beat  does  not 
seem  to  be  affected  by  such  a  change^  at  all  events  for  some  generations. 
Tissues  growing  badly,  either  through  the  medium  being  not  quite 
suitable  or  through  insufficient  subculture,  commence  to  show  degenera- 
tive changes.      This  in  its  earliest  form  shows  itself  as  an  accumulation 
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of  granules  witliiu  the  c}  toplnsm  till  the  coll  luK-onics  packed.  Those 
grunules  give  all  the  reactions  of  fat,  and  if  cells  he  examined  in  the 
early  stages  of  dojroneration,  the  fatty  granules  may  he  seen  to  arise 
from  a  transformation  of  the  niito(Oiondria,  in  the  same  way  ashasheen 
descrihod  hy  many  authors  in  normal  and  pathological  fat  formation. 

Discussion. 

The  contintied  growth  of  embryonic  tissues  is  easily  obtained  outside 
the  body  in  suitable  coagulated  or  liquid  media.  It  is  notorious  that 
when  transplanted  into  living  animals  continued  growth  does  not  occur. 
At  the  most,  survival  of  cells  after  temporary  niultipliciition  is  obtained. 
The  cells  of  malignant  new  growths  present,  at  first  sight,  a  remarkable 
contrast.  Continued  growth  is  easily  obtained  in  the  living  animal,  but 
in  vitro  only  degeneration  and  death  necessitate  frequent  subculture  if 
even  a  limited  growth  is  to  be  achieved.  These  experiments  show  that 
this  early  death  of  the  cells  is  due  to  elaboration  of  toxic  substances, 
which  quickly  reach  a  lethal  concentration.  Jn  addition  to  a  proper 
colloidal  condition  of  the  calcium  salts,  which  is  essential  in  the  fluid 
medium  replacing  the  complicated  coagulated  plasma,  previously  used 
almost  exclusively  for  this  kind  of  work,  a  substance  or  substances  not 
heretofore  found  except  in  extracts  of  embryonic  tissues  is  necessary  for 
continued  growth  of  all  cells  in  vitro.  It  has  not  been  demonstrated  in 
rapidly  growing  tumours  nor  in  regenerating  tissues  of  the  adult  so  far 
as  our  experience  has  gone.  It  is  not  possible  at  present  to  say  whether 
this  growth-promoting  substance  plays  a  part  in  the  growth  of  normal 
adult  tissues  {e.  ^.  in  regeneration)  and  of  tumours  in  vivo,  or  whether 
its  importance  in  growth  in  vitroia  mainly  a  consequence  of  the  technical 
environmental  conditions  involved. 

The  experiments  bring  out  very  clearly  the  close  biological  relations 
subsisting  between  tumour  parenchyma  and  stroma.  The  stroma  of  a 
transplanted  tumour,  although  derived  from  the  adult  host  in  which  the 
the  tumour  is  growing  for  the  time  being,  behaves  in  culture  like  an 
embryonic  tissue  rather  than  like  that  of  an  adult.  The  presence  of 
stroma  elements,  although  not  necessary  for  the  growth  of  the  paren- 
chyma in  vitro,  exerts  a  profound  influence  upon  it,  and  in  particular 
partly  determines  the  degree  of  difl'ei*entiation  renched  bv  the  tumour- 
cells.  The  analysis  of  the  factors  responsible  for  these  relations  of  cells 
to  their  environment  is  being  made  the  subject  of  continued  study. 
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Summary. 

Continued  growth  of  normal  and  tumonr-cells  171  vitro  is  only  obtained 
in  the  presence  o£  substances  so  far  only  found  in  embryonic  extracts. 
A  salt  mixture  in  which  the  calcium  is  present  in  the  colloidal  state  can, 
with  the  addition  of  embryo  extract,  replace  plasma  for  this  work.  The 
degree  of  differentiation  shown  by  cultures  of  normal  and  malignant 
tissues  is  partly  conditioned  by  the  accompanying  growth  of  the  stroma. 
The  stroma  behaves  in  culture  like  embryonic  tissue  rather  than  like  the 
adult  tissues  from  which  it  is  derived. 
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PLATE  II. 


Fio.  2«. — Plasma  culture  of  37  S.  sarcouin,  24  hours' <rrowth,  showinpr  liquefaction 
of  plnsHuv  round  original  fraprment  and  typical  ring-shaped  growth  of  the 
sarcoma  celln. 


Fin.  '1  ft.— Portion  of  sarcoma  culture  in  fig.  2/?,  showing  spindle  cells,     x  2oO. 
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Flu.  a  a—  Isultited  cells  from  culture  of  euibryo  niou^e  lii-urt  in  .••Hliiio  niediuin,  .ohowinir  inyoKbrilla-. 


PLATE  IV. 
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l''lo.  4. — Young  cultme  of  embryo  mouse  skin  in  plasniu  nieiUuni,  sliowing  spindle-cellecl  type  oi  growth. 


Fm.  5. — Plnsiun  culturt>  of  embryo  mou!»e  skin,  showing  ooraniencing  keratinization.     x  1600. 


PJ.ATE  VI. 


Fia.  «,— Young  culture  of  mouse  carcinoma  5J0G,  show  ing  growth  as  Hnger-ehaped  processes,     x  1600. 
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GROWTH  AND  DIFFERENTIATION  IN 
TISSUE    CULTURES*. 

By  a.  H.  drew,  D.Sc. 
(Plates  VTI.-XII.) 


The  study  of  pure  cultures  of  cells  in  vitro  permits  an  insight  into  the 
relations  of  cells  of  diflFerent  kinds  to  each  other,  and  leads  to  an 
analysis  of  the  factors  which  determine  their  behaviour  in  the  body 
with  the  ultimate  possibility  of  the  experimental  control  of  the 
processes  involved.  Differentiation  is  one  of  the  most  obvious  of  these 
processes,  and  the  observations  to  be  described  here  indicate  some  of 
the  factors  which  influence  it,  and  reveal  its  reversible  character.  In 
an  investigation  of  this  kind  technical  details  inevitably  play  an 
important  part,  and  it  will  be  necessary  to  describe  the  modifications 
wliieh  bave  been  adopted  as  a  result  of  extended  trials  since  the 
publication  of  the  previous  communication  in  this  Journal  (Drew, 
1922). 

It  has  been  shown  already  that  cultures  of  both  embryonic  and 
adult  tissues  as  well  as  tumours  may  be  grown  in  a  saline  medium  for 
an  indefinite  period  so  long  as  an  embryonic  extract  is  present  as  well  t. 
Growth  does  not  occur  without  such  an  extra<rt  in  the  case  of  adult 
tissues,  whilst  in  tumours  and  embryonic  tissues  generally  a  temporary' 
growth  takes  place.  The  substance  or  substances  in  embryo  extract 
responsible  for  maintaining  growth  are  unknown,  but  the  activity 
diminishes  on  keeping  in  the  ice  safe  (4°-8°  C),  and  in  two  weeks  is 
no  longer  of  usable  strength.  They  are  destroyed  by  heating  at  60°  C. 
for  15  minutes.  Filtration  through  a  Cliamberland  F  candle  definitely 
reduces  the  strength  of  the  extracts  ;  filtration  through  a  Berkefeld 
candle,  however,  leaves  this  property  unimpaired,  and  gives  a  clear, 
nearly  colourless  sterile  filtrate  which  may  be  kept  for  a  much  greater 

•  Reprinted  bv  permission  from  'The  British  Joumid  of  Experimental  Pathology/ 
Vol.  iv.  p.  46  (1923).  t  See  footnote  on  next  page. 
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period  without  undergoing  change.  The  method  of  preparation  is  as 
follows  :  Young  rat  or  mouse  embryos  are  cut  up  into  coarse  pieces 
with  scissors  in  a  sterile  Petri  dish.  The  fragments  are  thoroughly 
washed  with  several  changes  of  the  saline  culture  medium  to  remove 
traces  of  blood  and  are  then  finely  minced.  (In  the  preparation  of  all 
tissues  for  in  vitro  culture,  blood  must  be  got  rid  of  as  completely  as 
possible,  as  if  present  in  more  than  traces,  it  appears  to  inhibit 
growth.)  The  pulp  so  obtained  is  transferred  to  a  large  sterile  tube 
and  is  frozen  and  thawed  three  times  to  disintegrate  the  cells  and 
liberate  the  juices.  An  equal  volume  of  the  saline  fluid  is  added  to  the 
emulsion,  and  is  incubated  for  an  hour  at  37°  C,  the  mixture  being 
shaken  at  intervals.  At  the  end  of  an  hour  the  tube  is  centrifuged  at 
high  speed  and  the  supernatant  fluid  pipetted  off.  It  is  then  filtered 
through  a  Berkefeld  filter  and  is  stored  in  tubes  in  the  ice-chest. 
It  has  been  found  best  to  use  a  final  fluid  made  up  as  follows  : 

Saline  solution 3  parts. 

Embryo  extract 1  part. 

Rat  serum  1    „ 


t  The  detailed  preparation  of  the  ?aline  medium  now  adopted  in  this  laboratory  is 
as  follows : — 

To  make   50  c  c.    of    Saline    Medium    take!- 

Stock    SflvtiOntt 

No  CI  9  0%      See.    1 

KCI  0-4%      5c  c. 

nattPO^    ©•  I  •/.        See. 


NahCO,  0Z%      IO-20c.c,;-«.t.-.pL„.d  do.v 
CoClj       02%         10  -  20e  e.  m  cotton  f/.jj.J  f/oi),. 


Stio'v.    10  ^:^wt. 


Add    Co    lW,i  fiatk 
contolnln^     35ec.of 
d:iy,tt.d     m:«id    Na  C/ 
KCI   and   M^HPO+ 
5cLt.on3 


C.M,(Pc;),OIJi         I0-20CC.   U»tt.-.  pL„.<ifl..li  -  ..  5cc. 

(Note  that  four  flasks  are  needed  for  steaming  the  solutions  named  separately.) 
Several  workers  have  informed  me  that  they  liave  found  difficulty  in  dissolving  tlie 
magnesium  phosphate.  Tlie  magnesium  salt  is  not  soluble,  but  if  it  be  suspended 
and  steamed  with  the  sodium  and  potassium  chlorides,  solution  takes  place.  My 
best  results  have  been  obtained  with  a  specimen  of  MgHPOi  Kahlbaum ;  another 
sample  of  English  manufacture  was  not  found  to  be  so  satisfactory.     (Oct,  1923.) 
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Tlio  addition  of  the  rat  soriim  is  not  neeeHsary  lor  growth,  which 
occurs  perfectly  well  without  it,  hut  it  nuikes  the  fluid  nioro  viscici, 
prevents  the  drop  from  sprendin;;  over  the  entire  surface,  and  tends  to 
stick  the  fra^i;mont  of  tissue  to  the  cover-^lass.  To  ensure  adhesion 
the  hanging-drop  preparation  is  inverted  and  left  in  the  incubator  for 
about  6  hours,  or  indeed  throughout  incubation.  It  is  only  turned 
over  wlion  it  is  desired  to  examine  the  culture  through  the  cover-glass, 
under  the  microscope. 

Extract  prepared  in  a  similar  manner  from  adult  tissues  gave  little 
or  no  growth,  hut  if  very  much  stronger  extracts  were  made  by 
reducing  the  volume  of  saline  added  to  about  one-tenth  they  were 
found  to  be  capable  of  replacing  embryo  extract  to  a  certain  extent. 
Such  extracts  were  more  potent  when  prepared  from  young  rats  or 
mice,  indeed  extracts  from  old  animals  appeared  to  exert  an  inhibitory 
effect,  inducing  early  degeneration  in  the  young  growing  cells.  This 
phenomenon  has  already  been  noticed  by  Carrel  and  Ebeling  (1921) 
to  occur  in  plasma  cultures,  the  plasma  of  an  old  animal  retarding 
growth.  Tumour  extracts  were  found  to  be  somewhat  erratic,  but 
could  replace  embryo  extract  with  fair  success,  if  used  in  sufficient 
concentration,  to  maintain  growth  in  normal  tissues.  When  tested 
with  cultures  of  tumours  they  generally  proved  unsatisfactory, 
inducing  early  degeneration.  This  effect  is  probably  due  to  toxic 
bodies,  as  it  has  already  been  shown  that  cultures  of  actively  growing 
tumour  cells  appear  to  produce  a  substance  capable  of  inhibiting 
growth  m  tumour  cultures  *.  A  yeast  extract,  rich  in  vitamin  B,  was 
tried  but  was  found  to  be  perfectly  inert,  and  could  in  no  way  replace 
embryo  extract.  A  pea  flour  extract  likewise  was  quite  useless. 
Apparently  both  adult  tissue  extracts  and  tumour  extracts  contain  the 
substance  or  substances  present  in  embryo  extract,  but  in  the  case  of 
tumoui"«  this  is  masked  by  the  toxic  bodiei>,  whilst  old  tissues  contain 
an  inhibitory  substance. 

I  have  already  shown  that  differentiation  of  the  cells  in  a  culture 
depends  tipon  the  presence  or  absence  of  connective  tissue,  but  the 
best  demonstration  of  this  fact  is  seen  when  one  grows  pure  cultures 
of  cells,  e.  g.  kidney  or  skin,  and  then  adds  connective-tissue  elen:ents 

*  The  growth-nctivnting  substance  from  antolysed  normal  tissues,  which  is 
mentioned  on  a  subsequent  page,  has  a  similar  action  when  applied  continuously  to 
growing  normal  tissues,  but  it  seeras  probable  that  the  toxic  action  of  extracts  of 
tumour  cultures  is  not  identical. 

B 
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Pure  cultures  may  be  obtained  with  little  difficulty  by  the  mercury 
drop  method  used  for  obtaining  single  coll  bacterial  cultures.  A 
fraoment  of  embryonic  kidney  is  planted  out  in  the  fluid  medium  and 
incubated  at  37°  C.  The  fragment  is  examined  daily,  and  whether  it 
shows  commencing  growth  or  not,  fresh  medium  is  supplied  each  day. 
At  the  end  of  four  or  five  days,  sometimes  earlier,  the  kidney  cells  will 
be  found  growing  out  as  elongated  processes  which  ultimately  form  a 
sheet  of  undifferentiated  tissue.  The  processes  in  many  cases  are 
quite  free  from  accompanying  connective  tissue.  A  growth  is  selected 
with  processes  free  from  other  cells,  and  a  globule  of  mercury  is 
carefully  placed  on  the  slide  and  pushed  over  a  projecting  process  of 
parenchyma  cells  so  as  to  cover  it.  The  slide  is  then  removed  from 
the  microscope  and  is  exposed  to  a  quartz  mercury  vapour  lamp  for  ten 


Fig.  4.— Mouse  carcinoma  206  in  culture  in  saline  medium  +  embryonic 
extract.     Low-power  view.     See  PI.  IX.  fig.  4  «. 

minutes,  care  being  taken  to  avoid  heating.  Fresh  cultuie  medium  is 
added  and  the  slide  returned  to  the  incubator.  The  cells  unshielded 
by  the  mercury  globule  are  killed  and  growth  now  proceeds  fr«m  the 
isolated  process.  The  culture  is  continued  till  a  large  sheet  of  undiffer- 
entiated kidney  cells  is  obtained  (PI.  VII.  tig,  1,  and,  in  the  case  of 
mammary  tissue,  PI.  VII.  fig.  2),  when  a  small  fragment  of  a  con- 
nective-tissue culture  is  added  and  incubation  continued.  In  a  certain 
proportion  of  cases  the  connective  tissue  may  fail  to  grow,  but  in  those 
cultures  where  it  does  so  differentiation  sets  in  in  about  two  or  three 
days,  and  a  culture  is  obtained  containing  free  connective-tissue  cells, 
undifferentiated  kidney  cells  and  kidney  cells  forming  typical  tubules 
(PI.  VIII.  figs.  3  and  3  a).  The  same  process  is  siiown  very  well  with 
tumours.     For  example,  an  alveolar  mammary  carcinoma,  206,  tends 
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in  ai'tilioisil  culture  to  ^ivo  [niro  |i:ireiK'liyinu  ^^rowtlis,  :is  a  short  of 
iimlitf'tMOJiliatcd  cells  (IM.  IX.  Hg.<.  4  aiitl  4<(),  without  having  recourse 
to  exposure  to  uitra-violot  rays.  When  such  a  culture  U  obtained, 
either  hy  aid  of  the  ultra-violet  light  or  from  cuIturcH  growing  pure 
from  the  start,  coniiective-tissuo  cells  may  bo  udded  either  from  a 
culture  or  from  a  fresh  piece  of  tissue  planted  direct.  Fig.  5  illustrates 
the  type  of  growth  obtained.  Where  the  t;nnour  cells  come  into  contact 
with  the  connective  tissue  they  form  acini,  the  whole  culture  strongly 
resembling  normal  mouse  mauuna  (1*1.  IX.  (Ig.  G  and  PI.  X.  fig.  7). 


^^^ 


Fio.  o. — arouse  cftrcinonm  206   in  culture  with  connective-tissue  elements.     Note 
acinous  fcnnation.    The  whole  growth  strongly  resembles  normal  mouse  mammn. 

This  experiment  shows  that  the  undifferentiated  condition  of  the  paren- 
chyma of  this  tumour  is  not  an  anaplasia  in  v.  Hansemann's  sense 
(j.  e.  a  permanent  irreversible  loss  of  diflerenliation),  but  merely  a 
temporary  growth  form  svhich  can  diflferenliate  out  in  a  suitable 
environment.  The  connective-tissue  elements  may  be  derived  from 
any  organ.  For  example,  connective  tissue  derivetl  from  heart  will 
cause  the  formation  of  acini  in  a  mammary  carcinoma  or  the  formation 
of  tubules  in  cultures  of  kidney.  That  there  exists  a  delicate  balance 
between  the  two  types  of  ctdls  is  clearly  shown  in  continued  culture, 

e2 
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for  if  such  a  culture,  say  of  kidney,  which  has  had  tubule  formation 
induced  by  the  addition  of  connective-tissue  elements  to  it,  be 
continued,  it  is  found  that  gradually  only  one  or  other  of  the  types 
of  cell  will  persist,  and  ultimately  either  a  culture  of  connective  tissue 
or  of  pure  kidney  cells  will  be  obtained  again,  when  the  cells  grow 
as  a  sheet  of  undifferentiated  tissue  as  before.  In  most  cases  the 
connective-tissue  cells  groAV  more  rapidly  than  the  parenchyma,  and 
ultimately  tend  to  overgrow  it.  In  the  case  of  mixed  cultures  of 
tumour  and  connective  tissue  artificially  added,  the  tumour  cells 
rapidly  degenerate  unless  very  frequent  subculture  is  performed  and 
one  ultimately  obtains  a  culture  of  connective  tissue  only.  Cultures  of 
carcinoma  with  added  stroma  exhibiting  differentiation  reproduce  the 
original  type  of  tumour  on  reinoculation  into  mice. 

Attempts  to  inhibit  the  growth  of  tumours  in  mice  by  means  of  the 
toxic  products  elaborated  in  vitro  have  not  proved  successful.  Whatever 
the  toxic  substance  is  that  is  formed  in  culture,  it  is  apparently  easily 
destroyed  in  the  body  and  fails  to  influence  the  growth  of  the  tumour. 
Cultures  of  normal  tissues  grown  for  many  generations  outside  the  body 
show  no  tendency  to  grow  when  inoculated  into  animals  but  rapidly 
disappear. 

We  have  found  it  preferable  when  removing  normal  or  malignant 
tissues  for  cultures  to  store  them  in  the  ice-chest  when  immediate 
culture  is  not  possible.  Such  cold  storage,  provided  the  tissues  are 
aseptic,  appears  to  do  no  harm,  growths  having  been  obtained  after  as 
long  a  perJod  as  thirteen  days.  Comparatively  slight  alterations  in  the 
incubation  temperature  appear  to  have  a  considerable  effect  on  the 
cultures.  For  example,  heart  cultures  incubated  at  40°  C.  give  growths 
of  connective-tissue  cells  only,  the  heart  muscle  cells  showing  fatty 
changes  and  rapidly  dying  out.  Mammary  carcinoma  incubated  at  the 
same  temperature  gave  pure  connective-tissue  growths  after  two  gener- 
ations, the  tumour  cells  degenerating.  Kidnej-,  on  the  other  hand, 
appeared  to  be  little  influenced  by  this  temperature,  the  same 
proportion  of  kidney  growths  resulting  as  at  37°  C.  Tumours  when 
grown  on  slides  completly  immersed  in  the  culture  medium  are 
interesting  from  the  fact  that  portions  become  detached  and  grow  on 
distant  parts  of  the  slide,  forming  what  may  be  termed  artificial 
metastases  :  such  a  growth  is  illustrated  in  Fig.  8. 

An  interesting  fact  is  brought  out  in  comparing  the  malignancy 
with  the  degree  of  growth  in  vitro  of  a  series  of  tumours  of  varying 
degrees  of  malignancy,  for  example  37  S,  63,  206,  Jensen,  630,  27. 
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Those  are  arranged  in  TaMo  I  in  order  of  their  rapidity  of  growth  in 
the  mouse.  In  vitro  cultures  of  the»o  tumours  show  growth  which 
niuy  be  represented  by  the  plus  signs  in  the  table  : 

Table  I. 

Kapidly  growing  spindle-cell  sarcoma  37  S  ...  +  +  + 
Hapidly  growing  alveolar  niannnary  carcinoma  6Ii  .  +  +  + 
Mammary   carcinoma,    rapidly    growing,    but   with 

much  absorption  206 +  + 

Variably    growing    alveolar    mammary    carcinoma 

Jensen ^ + 

Squamous  cell  carcinoma  630 slight  +  after  lag. 

Adeno-carcinoma  of  mamma  27 „  i, 

Where  growth  is  obtained  at  all  from  630  and  27  it  closely  resembles 
that  of  adult  tissues,  being  small  in  amount  at  first  and  always 
exhibiting  the  lag  which  seems  characteristic  of  adult  mouse  and  rat 
tissues. 

The  ease  with  which  the  several  factors,  which  may  be  supposed  to  act 
in  growth  and  repair,  can  be  separately  varied  in  in  vitro  culture  has 
already  been  noted.  Striking  differences  are  produced  in  the  cultures 
of  adult  tissues  by  adding  to  the  culture  medium  an  extract  of  autolysed 
adult  tissue.  Adult  kidney  was  ground  up  with  sterile  sand  and  some 
of  the  saline  medium ;  the  resulting  emulsion  was  incubated  for  one 
hour  at  37°  C,  and  was  then  filtered  through  a  Berkefeld  candle.  Two 
series  (A  and  B)  of  primary  cultures  of  heart  and  kidney  obtained 
from  a  full-grown  mouse  were  put  up  in  media  having  the  following 
composition : — 

A.  Saline  solution 3  parts. 

Embryo  extract  .     .     .     : 2     „ 

llat  serum  1  part. 

B.  Saline  solution 3  parts. 

Embryo  extract .  1  part. 

Autolysed  kidney  extract 1     »» 

Hat  serum ^     ii 

A  dozen  cultures  of  heart  and  kidney    were  put  up    in  each    of    the 
solutions  A  aiid  B,  inculMited  at  37°  C,  and  examined  daily. 

In  the  cultures  without  damaged  tissue  extract  no  growth  occurred 
till  the  tenth  day,  when  a  mixed  growth  containing  conuective-tissae 
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cells  and  kidney  and  heart   cells  respectively  was  obtained  from  8  o£ 
the  12  cultures  (PI.  XI.  fig.  9). 

Cultures  in  solution  B  showed  connective-tissue  growth  within 
twenty-four  hours  in  all  cases,  but  only  slight  growth  of  the  parenchyma 
took  1  lace  till  the  second  day,  when  all  the  cultures  showed  a  mixed 
growth  of  both  kidney  and  connective-tissue  cells  (PI.  XI.  fig.  10). 
It  will  be  seen  that  there  appears  to  be  some  substance  or  substances  in 
an  extract  of  damaged  tissue  capable  of  accelerating  the  growth  both  of 
connective  tissue  and  .parenchyma.  Heating  to  80°  C.  for  15  minutes 
had  no  effect  on  the  growth-promoting  substances.  A  feature  of  the 
growth  obtained  by  the  addition  of  such  autolysed  extracts  is  its 
explosive  character — that  is  to  say,  the  original  fragment  may 
disappear  and  fragments  of  rapidly  growing  cells  be  found  scattered 
over  the  slide.  If  such  growths  be  subcultured  into  fresh  medium 
containing  autolysed  extract  little  more  growth  is  obtained  as  rapid 
degeneration  sets  in.  If,  however,  the  subculture  is  made  with  the 
ordinary  culture  fluid^  vigorous  growth  will  continue  and  the  cultures 
may  be  maintained  indefinitely. 

It  seemed  likely  that  tumours  might  contain  such  a  growth-acceler- 
ating substance  ready  formed,  and  to  test  this  supposition  extracts  of 
tumours  were  prepared  by  grinding  up  tumour  cells  in  a  mortar  cooled 
with  ice.  A  small  quantity  of  the  saline  medium  was  added  and  the 
mixture  centrifuged  at  once  without  incubation.  On  testing  such 
extracts  it  was  found  that  a  very  potent  growth -accelerating  substance 
was  present,  giving  as  much  growth  with  adult  tissues  as  did  an 
autolysed  extract  of  normal  tissues  (PI.  XII.  figs.  11,  12,  13).  The 
tumours  tested  gave  varying  amounts  of  the  activating  substance.  Thus 
both  carcinoma  63  and  sarcoma  37  yielded  extracts  of  great  potency,  and 
both  these  tumours  are  of  a  high  degree  of  malignancy  and  of  very 
rapid  growth  (c/.  Table  I),  (krci^oma  27,  on  the  other  hand,  which  is 
of  low  malignancy  and  slow  growth,  yielded  only  small  traces  of  the 
activating  substances,  being  in  fact  intermediate  between  the  very 
malignant  tumours  and. normal  tissue. 

The  activating  substances  in  autolysed  extracts  of  normal  adult  tissues 
and  their  absence  in  embryonic  tissue  extracts  shows  that  they  are 
undoubtedly  the  same  agents  which  are  met  with  in  the  phenomena  of 
repair.  Their  presence  in  cold  extracts  of  the  malignant  tumours 
suggests  that  it  is  by  means  of  a  continuous  production  of  these 
substances  that  tumour  growth  is  maintained,  and  constitutes  a  new 
and  very  striking  ditierence  between  tumours  and  normal  tissues,  the 


former  conUiining  tlio  ^rowth-stimulnting  l'actor»,  \\liilbt  the  luiur 
require  to  bo  severely  daniiiged  before  they  are  produced.  The  fact 
that  the  highly  malignnnt  and  rapidly-growing  tumours  contain  a  far 
greater  iimount  of  such  growth-activating  substances  than  do  the 
slowly-growing  and  more  benign,  reveals  a  (]uantitative  relation  which 
has  not  before  been  demonstrated  in  the  analysis  of  tumour  growth. 

Summary. 

The  substances  necessary  for  continuous  growth  which  are  present  in 
extracts  of  embryonic  tissues  are  able  to  pass  through  a  Berkefeld  fiiter. 
Adult  tissues  and  tumours  ap[)e;ir  to  contain  thes<^  substances  in  lower 
concentration.  Tissues  and  tumours  when  grown  free  from  connective- 
tissue  elements  grow  as  undifferentiated  sheets.  If  connective  tissue 
l)e  added  to  such  growths  differentiation  sets  in»  Autolysed  extracts 
of  nornuil  adult  tissues  contain  a  growth-activating  substance  which 
when  added  to  cultures  of  normal  adult  cells  causes  very  rapid 
proliferation.  Extracts  of  tumours,  prepared  in  the  cold  and  not 
subjected  to  autolysis,  also  contain  this  substance,  the  tumour  cells 
appearing  to  be  able  to  form  it  continuous!}'. 
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FlO.  1. — Four  diiy.V  j-rowth  of  embryonic  nion.«e  kidney  in  saline  nu'diuin  +  (MiibryoDtc 
extract,  sliowiiijjr  <rro\\  tli  of  paicncliynm  as  umliffcrontiated  sheet  of  cells. 


l''u».  1*. — Cuhure  of  nornial  i>ivj:nant  mouse  mamma  iu  saline  medium  +  embrvnuic 
extract.  Ten  days'  jrrowth,  showing  sheet  growth  of  uiidiiTerentiated  cells. 
Note  formation  of  milk. 
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Figs.  M  luul  Hm. — Portion  of  culture  of  nionso  kidney  to  which  connective-tissue 
elements  have  been  nddeil.  Note  tubule  fonuHtion.  Four  days'  growth.  Low 
and  high  power. 
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Fig.  4  a. — Mouse  cnrcinonm  200  in  culture  in  saline  niwlium -|- embryonic  extract. 
High-power  view.     Note  giowth  ns  undifTerentiated  sheet. 
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FiQ.  (5. —Mouse  carcinoma  iKKJ  grown  with  embryonic  rat  heart.     Five  days'  groirth. 

Note  formation  of  acini. 


PLATE  X. 


Fia.  7. — High-power  view  of  portion  of  culture  shown  in  tig.  <{. 


Fio.  8. — Culture  of  ndult  rat  kidney  in  saline  —  embryonic  mediinn  with  addition  of 
tumour  extract.  Note  ex{)ausivo  character  of  growth.  Portions  become 
detached  and  grow  in  various  ditvctious  over  the  slide.  Forty-eight  hours' 
growth. 


PLATE  XI. 


Fig.  9. — Culture  of  adult  rat  kiduey  in 
saline  medium  +  embryonic  extract. 
EUjvoii  days'  growth.  Note  nlmost 
entire  absence  of  cell  proliferation. 


Fi<t.  11. — Culture  of  adult  rat  kidney  in  saline  ■+■ 
embryonic  medium  with  addition  of  cxtracl 
from  tumour  03  extracted  in  cold  without 
autolysis.  Forty-eight  iiours'  growtli.  Note 
i-apid  growth  similar  to  that  obtained  with 
the  use  of  an  autulysed  normal  li.^sue  extract. 
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Fio.  10. — Culture  of  adult  rat  kiduey  in  s^iline  medium  +  embryonic  extract  with 
addition  of  autolysed  tissue  extract.  Forty-eight  hours*  growth.  Not«  extremely 
rapid  proliferation  of  cells. 


PIRATE  XII. 
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Fio.  1:^. — High-power    view    of   portion    of  culture   shown    in   tig.   11,    showing 
perfectly  normal  kidney  cells  with  mitochondria. 
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FiQ.  13. — High-power  view   of  portion  of  last  culture,  showing  perfectly   normal 
mitosis. 


[Eiffhth  Si'ienti/ic  lieport  of  the  Imperial  Cancer  Research  Pund^  1923.] 


THE  DISSEMINATION  OF  TAR-CANOER  IN   MICE. 

By  a.  M.  BEGG. 

(Plates  XIII.-XVII.) 


The  following  paper  is  a  brief  account  of  a  histological  study,  especinlly 
of  the  local  spread  of  cpitheliomatous  growths  produced  by  repeated 
ap[)lication  of  coal-tar  or  extracts  of  coal-tar  to  the  skin  over  the  nape 
of  the  neck  of  mice.  In  all,  140  tumours  were  available  for  this 
purpose. 

Tumours  were  first  produced  by  this  method  by  Yamagiwa  and 
Ichikawa  (1915)  *'^,  who  applied  coal-tar  to  rabbits'  ears  for  a  con- 
siderable time,  and  thereby  obtained  proliferative  effects,  sonie  of 
which  w6re  malignant  neoplasms. 

Since  then  several  observers  have  repeated  these  and  similar 
experiments,  and  there  is  now  no  doubt  that  true  malignant  growths 
can  be  produced  in  this  way.  The  series  which  I  have  had  the 
opportunity  of  examining  consists  of  sections  from  primary  growths, 
autoplasts,  and  homoplasts  from  such  tumours  produced  in  the 
laboratory  of  the  Imperial  Oancer  Research  Fund. 

In  nearly  every  case  these  tumours  arc  highly  keratinised  squamous- 
celled  carcinomata,  though  several  show  little  or  no  keratinisation, 
others  larger  or  smaller  areas  of  polymorphic  or  spindle>shaped  cells, 
and  in  one  or  two  practically  nothing  but  spindle  cells.  These  latter, 
however,  have  been  shown  by  Murray  (1921)  •'*  to  be  ()oIymorphic- 
celled  carcinonuita,  and  there  is  no  clear  evidence  that  any  in  this  series 
are  sarcomata.  Fibiger  and  Bang  (1920)  <"  obtained  two  tumours  of 
somewhat  similar  histological  aspect,  and  one  which  was  successfully 
transplated  grew  as  a  pure  spindle-cell  sarcoma  in  successive 
generations. 

As  nmny  of  our  tumours  had  produced  metastases  in  the  lungs, 
lymphatic  glands,  etc.,  or  had  shown  l»cal  recurrence  after  operation, 
special  uttontioii  was  directed  in  this  examination  to  see  what  evidences 
there  were  of  invasion  of  the  lymphatics,  vessels,  or  nerves. 
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Invasion  of  Lymphatics. — This  was  observed  in  many  of  the  cases^ 
though  only  four  of  them  showed  metastases  in  the  glands,  and  calls 
for  little  comment.  Two  examples  are  figured  (PI.  XIII.  fig.  1  and 
PI.  XIV.  fig.  2),  one  showing  the  process  extending  horizontally  along  a 
small  lymphatic  vessel,  and  the  other  showing  tumour  cells  invaginating 
a  vessel.  This  latter  appearance  was  very  commonly  seen,  and  especially 
in  the  section  from  which  PL  XIV.  fig.  2  w^as  prepared.  As  the  figure 
shows,  the  invasion  is  incomplete,  the  endothelium  being  still  intact  over 
the  invading  tumour  cells,  and  a  careful  examination  of  the  lymph 
glands  in  this  case  showed  no  metastases. 

Invasion  of  Blood-Vessels. —  Widespread  metastases  in  the  lungs  in 
these  tumours  are  common,  and  in  order  to  see  how  far  the  process  was 
extending,  the  hilum  of  the  lung  in  one  of  these  cases  was  cut  in  serial 
sections.  These  showed  typical  squamous  nodules  in  the  lung  tissue, 
with  several  vessels  completely  occluded  by  embolic  masses  of  tumour 
cells.  So  extensive  was  the  process  that  several  of  the  })ulmonary 
veins  were  also  affected,  and  could  be  seen  lined  by  thick  layers  of 
actively  proliferating  tumour  cells. 

Invasion  of  Nerves. — Invasion  of  nerves  is  also  a  form  of  lymphatic 
invasion,  but  for  facility  in  description  is  here  considered  separately. 
This  type  of  invasion  was  found  to  occur  extraordinarily  frequently 
in  these  growths,  no  fewer  than  2^  out  of  the  140  cases  examined 
showing  it,  ?'.  e.  18*5  per  cent.  Those  figures  refer  only  to  the  number 
of  positive  cases  of  nerve  invasion,  and  not  to  the  number  of  nerves 
invaded.  Quite  a  large  proportion  of  cases  showed  two  or  three 
nerves  to  be  affected,  and  in  several  of  them  there  were  even  seven  or 
eight  nerves  invaded.  None  of  the  cases  occurred  among  the  homo- 
plast  sections,  of  which  there  were  thirteen,  and  only  three  of  them  out 
of  the  forty-seven  autoplasts  available. 

In  order  to  be  quite  sure  one  was  dealing  with  a  true  invasion,  those 
in  which  the  nerve  is  merely  embedded  in  the  mass  of  tumour  cells 
have  been  excluded,  as  here  it  is  impossible  to  determine  whether  a 
true  invasion  or  merely  a  surrounding  by  the  proliferating  tumour 
cells  is  in  question.  This  appearence  is  quite  common,  and  probably 
in  many  cases  so  discarded  there  has  been  a  true  infiltration.  The 
presence  of  tumour  cells  within  the  perineurium  of  a  nerve  at  some 
distance  from  the  growth  has  been  the  criterion  for  establishing  nerve 
invasion. 

The  space  between  the  invaded  nerve  and  the  adjacent  mass  of 
Inniour  colls  may  be  occupied  by  absolutely  normal  tissue,  or  show  an 
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influininatory  reaction  usuiiUy  consistin*;  in  the  presence  of  a  roand- 
oelled  inBltration  aboat  the  nerve  and  the  advancing  margin  of  the 
tumour.  PI.  XIV.  fi^.  .'i  shows  this  interval  between  the  nen'o  and 
the  main  tumour  occupied  hy  the  normal  panniculus  carnosus,  in  which 
the  nerve  is  here  situated. 

The  usual  appearance  is  a  ring  or  collar  of  tumour  cells  completely 
surrounding  the  nerve,  or  only  a  crescentic  nuiss  o£  cells  at  one  side. 
The  u[»pearances  are  shown  in  PI.  XV.  tigs.  4  and  5  respectively. 

This  ring  or  crescent  may  vary  from  one  to  several  layers  o£  cells  in 
thickness,  and  the  invading  cells  may  be  packed  closely  or  may  show 
distinct  clefts  and  spaces  between  their  diHerent  layers.  Within  this 
ring  of  cells  the  nerve  may  be  seen  completely  tilling  the  space,  or  it 
may  have  shrunk  away  from  one  side.  This  latter  appearance, 
however,  is  probably  an  artefact. 

Frequently  the  invading  cells  show  kuratinisation,  absolutely 
identifying  them  as  being  a  i)art  of  the  cancerous  process  that  is  taking 
place.     The  left-hand  portion  of  PI.  XV.  tig.  4  shows  this  differentation. 

In  addition  to  this  ring  of  tumour  tissue,  the  nerve  often  has  definite 
tumour  cells  scattered  here  and  there  amongst  its  fibres.  These  occur 
either  as  single  cells  or  in  groups  of  cells,  a  distribution  clearly 
shovxn  in  PI.  XV.  fig.  5  and  PI.  XVI.  fig.  G. 

This  condition  of  diffuse  dissemination  has  been  found  to  occur  most 
typically  when  the  primary  growth  contains  a  large  number  of  poly- 
morphic cells  in  addition  to  the  usual  squamous  ones,  and  suggests  that 
these  polymorphic  cells  being  more  actively  amcelioid  are  able  to 
insinuate  themselves  amongst  the  nerve  fibres  once  the  |>erineurium 
has  been  penetrated. 

A  histological  description  of  the  more  interesting  coses  is  given 
briefly  in  the  following  paragraphs  : — 

Tnr  mousti  93  shows  a  case  of  early  invasion.  Here  is)  a  nerve  partially  surrounded 
by  H  single  layer  uf  caucer  cell.o,  while  within  the  adjacent  tumour  mass  are  two  or 
three  others,  each  with  a  dciinitely  marked  encircling  sheath  of  cells.  The  main 
tuiiinur  is  n  typicnl  squanious-cclled  carcinoma  with  keratinisation  present  and 
distinct  invasion  of  the  panniculus  carnosus. 

Case  ^  shows  2  or  3  small  nerves  surrotmded  by  thick  collars  of  tumour  tissue 
and  well-marked  clefts  between  the  layers  of  cells.  The  tinnour  in  this  case  is  h 
highly-keratiuised  squamous  growth,  the  cells  being  arranged  in  broad  well-de6ned 
trubeculic. 

Case  Q-  would  also  seem  to  be  a  case  of  early  invasion,  and  shows  a  sln^ile  layer 
of  cells  surrounding  a  nerve,  while  at  one  side  several  cells  are  seen  lying  packed  in 
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what  seems  to  be  a  dilated  lymphatic  space  lined  with  endothelial-like  cells.  The 
main  growth  consists  of  squamous  cells  showing  keratinisation,  and  in  addition  a 
large  area  of  polymorphic  cells. 

Case  ^  is  from  a  typical  squamous  growth,  and  shows  in  one  place  a  large  nerve 
surrounded  by  3  or  4  layers  of  cells  with  clefts  here  and  there  amongst  them,  whilst 
an  adjacent  nerve  stem  is  free  from  tumour.  Another  area  from  this  growth  repeats 
this  condition. 

Case  ^  is  shown  in  text-fig.  1.  It  shows  several  nerves,  invaded  by  the  tumour 
process ;  but  in  this  case  the  nerves  are  suiToundtid  not  only  by  a  ring  or  two  of  cells, 
but  also  by  diffuse  masses  of  tumour  tissue  of  a  more  or  less  polymorphic  character. 


Fig.  1. — Case  of  Nerve  Invasion,  showing  several  nerves  surrounded  by  tumour  cells. 
In  this  case  the  invading  cells  are  not  only  in  the  form  of  crescentic  groups  or 
rings  about  the  nerves,  but  are  also  scattered  about  them  in  diffuse  masses,  x  60. 
Tm  mouse  ^. 


Case 
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0  shows  in  one  part  3  or  4  nerves,  each  surrounded  by  a  layer  of  cells, 
with  keratinisation  taking  place  at  one  side  where  the  cells  are  several  layers  thick. 
On  working  along  the  section  towards  the  main  tumour  mass  another  nerve  is  found, 
but  in  this  case  the  collar  of  cells  is  from  2  to  4  layers  in  thickness.  The  direction 
of  this  nerve,  which  is  cut  more  or  less  longitudinally,  is  towards  those  already 
referred  to  ;  and  it  may  be  that  it  is  another  section  of  one  of  them,  in  Avhich  case 
it  is  to  be  noted  that  the  ring  of  cells  diminished  from  3  to  4  layers  to  a  single  laver 
iu  the  space  of  less  than  1  mm. 
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OMe  -^  is  depicted  in  IM.  XV.  flg.  li.  It  shows  inyasion  of  the  nerve  fibre*  by  a 
mass  of  tumour  colls  in  addition  to  a  creseentic  group  applied  to  one  side  of  the  nerte. 
( )n  fnllowinp:  along  serial  sections  of  this  case,  this  crescent  of  cells  is  found  to  cluuige, 


Fio.  2. — Case  of  Nerve  Invasion,  showing  four  nerves  invaded,  one  situated  above  and 
three  below  the  panniculus  camosus.     x  80.    Tar  mouse  ^, 

until  it  is  represented  on  one  section  by  a  single  ring  of  cells,  while  in  others  the  ring 
is  2  or  3  cells  thick. 
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Case  -^-  shows  a  medium-sized  nerve  situated  beneath  the  panniculus  carnosus 
and  surrounded  by  a  typical  collar  of  cells.  Adjacent  to  it  are  other  nerves  similarly 
invaded,  one  being-  situated  amonj,«t  the  bundles  of  the  panniculus  carnosus  and  the 
others  within  the  mass  of  tumour. 

Case  ^'""^  is  one  of  interest  as  it  shows  several  nerves  invaded,  one  of  which  has  a 
crescentic  mass  of  cells  applied  to  one  side.  These  cells  seem  to  be  enclosed  by  a 
sheath  of  endothelial  cells,  and  there  seems  to  be  no  doubt  that  here  the  cells  are 
proliferating  inside  a  lymphatic  vessel. 

Case  \.  ET  is  from  a  very  polymorphic  growth,  and  shows  a  nerve  invaded  not 
only  by  a  ring  of  tumour  cells,  but  also  with  clumps  of  cells  scattered  about  amongst 
the  fibres  (vide  PL  XVI.  fig.  6,  which  shows  a  similar  appearance). 

Case  -^*-HT  is  another  case  of  a  very  polymorphic  tumour.  A  section  from  it 
shows  several  nerves  invaded  diffusely  as  well  as  by  concentric  rings  of  cells.  In 
this  section  the  tumour  process  is  seen  to  be  extending  outwards  in  the  form  of 
three  processes.  At  the  top  of  the  section  there  is  a  diffuse  mass  of  cells  breaking 
through  the  panniculus  carnosus,  and  in  this  mass  are  two  or  three  nerves  diffusely 
invaded  by  the  tumour  process.  As  far  as  the  section  extends,  there  can  be  seen  a 
nerve,  cut  longitudinally  and  carrying  a  sheath  of  tumour  cells  along  with  it.  In  the 
middle  of  the  section  there  is  another  large  nerve,  cut  longitudinally,  which  runs 
down  through  the  muscle  layer  and  which  is  diffusely  invaded  by  the  tumour  process 
in  addition  to  having  a  sheath  of  tumour  cells  about  it.  Just  beyond  the  margin  of 
the  panniculus  carnosus  the  nerve  has  been  cut  transversely,  and  shows  a  picture 
almost  identical  with  that  of  PI.  XVI.  fig.  6.  In  the  lower  part  of  the  section  another 
nerve,  similarly  invaded,  can  be  seen  carrying  the  tumour  process  down  into  otherwise 
normal  connective  tissue. 

Discussion  on  Nekve  Invasion. 
To  judge  from  patholooical  literature,  scant  attention  has  been  paid 
in  recent  years  to  the  invasion  of  nerve  trunks  by  cancerous  growths, 
but  the  condition  was  more  frequently  described  in  the  publications  of 
the  middle  of  the  past  century.  A  fairly  complete  bibliography 
referring  to  this  condition  has  been  given  by  Askanazy  (1912)  ^^\  who 
has  described  a  case  of  skin  cancer  with  extensive  involvement  of  the 
cutaneous  nerves.  Fibiger  (1920)^^^  has  observed  the  condition  in 
Spiroptera  cancer  of  the  rat's  tongue,  and  gives  a  good  figure.  Shattock 
(1922)  ^°'  has  recently  described  and  figured  a  case  of  lingual  cancer 
showing  infection  of  the  lingual  nerve.  The  picture  of  Shattock's 
case  bears  a  very  close  resemblance  to  our  case  shown  on  PI.  XVI.  fig.  6. 
Data  are  lacking  which  would  enable  one  to  assess  the  frequency  of  this 
condition  in  human  cases,  but  the  numbers  showing  nerve  infiltration 
are  probably  not  very  high.  The  high  frequency  found  by  ns  in  mouse 
tar-cancer,  18*5  per  cent,  of  the  cases,  is  to  say  the  least  somewhat 
surprising.     In  each  case,  only  a  small  part  of  the  tumour  has  been 
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seotioued  and  exuinincd,  und  it  PbemB  rcMisonahle  to^iiippo.Hotliat  it  occurs 
even  more  frequontiy  than  the  above  fi^re  wonid  indicate. 

Tho  usual  appcaiaiico  has  already  l)oen  described  as  a  nerve  with  a 
crcsceut  of  tuniotir  c(dls  applied  to  one  side,  or  uUe  completely 
surrounded  by  a  collar  of  such  cells,  fn  some  cases  there  is  the 
additional  appearance  of  cells  scattered  aujong  tho  nerve  fibres.  The 
appearance  of  lymphatic  spaces  amongst  the  cells,  and  in  some  cases 
that  of  an  cndotlxdial  lining  around  the  masses  of  tumour,  has  been 
noted,  and  shows  that  the  invasion  is  taking  place  by  way  of  the 
perineural  lymphatics. 

A])parently  in  these  tar  cases  the  process  usually  begins  at  the 
termination  of  the  nerve-endings  on  the  skin  where  the  perineural 
lymphatics  also  end,  and  once  this  hns  taken  place,  growth  extends 
fairly  easily  along  the  nerve.  Tho  original  anatomical  relationship 
between  the  epithelial  cells  from  which  the  tumour  is  originating  .nnd 
the  supplying  nerve  fibrils  is  not  the  only  factor  determining  invasion 
of  the  latter,  since  the  nerves  have  been  attacked  even  when  this 
rel.itionshin  has  been  ruptured,  and  the  continued  growth  of  the 
neoplastic  epithelium  has  been  assured  by  an  autoplastic  grafting.  The 
cutaneous  epithelium  of  the  mouse  when  it  has  become  cancerous  shows 
a  tendency  to  invade  nerve  stems,  which  stands  in  marked  contrast  to 
the  absence  of  this  invasion  when  the  mammary  epithelium  has  been 
similarly  changed.  The  vast  majority  of  sjwntaneous  tumours  of  the 
mouse  are  of  mammary  origin,  but  despite  this  rich  material,  actual 
invasion  of  nerves  by  these  growths  has  not  been  found  or  described 
(Murray,  1908 <"»;  Haaland,  IDll '^>).  The  rate  of  spread  of  growth 
along  a  nerve  stem  is  probably  a  slow  one,  but  may  be  of  considerable 
importance  at  special  sites.  An  instance  of  this  has  been  found  on 
examining  further  sections  of  a  spontaneously  occurring  epithelioma  o£ 
the  mouse.  This  is  the  tumour  desciibe<l  originally  by  Haaland  (llUl)  <" 
as  number  48(5.  It  was  a  strongly  keratinizing  epithelioma,  originating 
from  the  surface  of  the  head  and  which  had  invaded  the  nasal  and  cranial 
cavities,  destroyed  one  eye,  and  formed  a  cap  of  tumour  tissue  over  one 
side  of  the  bead.  On  going  over  serial  sections  through  the  liead  of  this 
mouse,  itwasfound  that  theClasserian  ganglion  was  invaded  by  the  tumour 
process.  Here  was  found  a  large  metastatic  nodule  consisting  of  tvpical 
squamous  cells  w  Ith  keratinisation.     This  is  shown  in  PI.  XVII.  fig.  7. 

Other  sections  from  this  case  showed  that  the  process  had  extended 
still  further.  The  palatine  nerve  on  the  affected  side  showed  a  well- 
marked  picture  of  nerve  invasion  with  keratinisation  taking  place  in 
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the  sheath  of  tumour  cells  about  it,  The  growth  was  too  extensive 
around  the  orbit  and  side  oE  the  skull  to  determine  whether  or  not  the 
Gasserian  ganglion  had  been  invaded  by  way  of  the  ophthalmic  branch 
of  the  fifth  nerve,  but  this  would  seem  to  be  the  probable  route. 

In  order  to  be  quite  sure  one  was  dealing  with  a  condition  of  invasion 
in  the  mouse,  similar  to  that  described  in  connection  with  human 
carcinoma,  several  cases  of  lingual  cancer  were  examined.  Here  one 
was  fortunate  to  find  a  case  which  showed  a  similiar  condition  to  that 
already  described — viz.,  a  crescentic  mass  of  tumour  cells  applied  to  the 
side  of  a  small  nerve. 

It  may  be  said  that  this  nerve  invasion  in  the  case  of  the  tar  cancers 
apparently  has  no  relation  to  the  number  of  applications  of  tar,  nor  to 
the  kind  of  tar  or  tar  extract  used. 

It  was  found  in  one  case  tarred  50  times  and  in  another  which  had 
received  94  applications,  the  average  number  for  the  series  being  73. 

Summary. 

(1)  Nerve  invasion  by  cancer  is  a  comparatively  common  condition  in 
skin  epitheliomala  of  the  mouse. 

(2)  It  offers  a  route  for  dissemination  of  cancer,  which  may  have  a 
special  importance  at  certain  sites. 

(3)  Its  occurrence  is  a  proof  of  the  malignancy  of  the  growth,  as 
clearly  the  appearance  of  squamous  cells  about  a  nerve  is  an  abnormal 
condition,  and  moreover  it  is  one  which  is  easy  to  recognise. 
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Fio.  1. — Case  of  Lymphatic  Invasion,  showing  the  tumour  cells  extending  along  a  lyiuph  channel 

situated  on  the  panuiculus  carnosus. 

A  largu  necrotic  an>n  (shown  on  the  left  side  of  the  figure)  intervenes  lietweeu  the  main  portion  of 

the  tumour  and  the  invaded  lymphatic.     X  loO.     Tar  n)ou.«e  80. 
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Vui.  1*.  — Case  of  Lvinplintic  Invasion,  sliowinp  two  iiotlules  of  tumour  tissue 
iiivaginating  a  lymph  vessel.  It  should  be  noted  that  the  endothelium  is  intflct 
over  tli(>  nodules  and  that  tlie  invasion  is  therefore  incomplete.  Theie  were  no 
n\etnstases  found  in  thisca.se.     x  270.     Tar  mouse  -— . 


Fig.  .1. — Case  of  Xorve  Invasion,  showinj?  two  nerves  situated  in  the  panniruliis  camosus,  one  of 
which  is  completely  surroundeil  by  a  ring  of  tumour  cells,  whilst  the  other  has  a  crescentic 
mass  applitxl  to  one  side,     x  420.    Tar  mouse  *— . 


PLATK  XV. 


primary 


autoplait 


tcopiaic 


Kui.  4. — Two  cases  of  Nerve  Invasion,  one  being  from  the  primary  growth  and  the  other  from  its  autoplast. 
The  primary  case  shows  keratinit^ation  taking  place  and  also  tlie  cleft<«  found  between  the  layers  of  cell«. 

X  4iO.     lar  mice    y-  and  j^^.. 
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Fio.  5.  —Case  of  Nerve  Invasion,  showing  a  crescentic  mass  of  tumour  cells  at  one 
side  of  a  nerve  and  also  two  groups  of  cells  within  it.     Part  of  another  nerve 

can  also  be  seen  ensheathed  by  tumour  celb.     x  420.    Tar  mouse     ~. 
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FiG.6.— Case  of  Nerve  invAsion  from  lui  autoplast,  showing  a  large  nerve  surrounded 
by  tumour  cells  arranged  in  rings  with  well-tic  lined  clefts  between  them.  The 
case  also  shows  that  dilluso  manner  of  invasion  in  which  the  nerve  has  single 
tumour  cells  scattered  amongst   its  fibres,    and  showing  in   this  case  active 
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proliferation.     X  4l'0.    Tar  mouse  j^ 
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Fio.  7. — Section  through  the  head  of  ti  uiuube  (No.  \^)  which  had  a  spontaneous  tuiuour 

of  the  orbit  and  .scalp. 
The  figure  shows  extension  of  the  tumour  into  tliu  Uasserinn  Ctanglion  (G.Ci.)  and  into 

a  small  nerve  beside  it.     x  12. 


[Eif/hth  Scientific  Report  of  the  Imperial  Cancer  Hesearch  Fvnd,  1923.] 


THE  EXPERIMENTAL  PRODUCTION  OF  TAR- 
SARCOMA  IN  MICE  AND  RATS*. 

By  B.  U.  G.  RUSSELL. 

(Plates  XVIII.-XX.) 


The  experimental  production  of  cancer,  for  long  the  subject  of  many 
unsuccessful  attempts,  can  now  be  carried  out  with  a  considerable 
measure  of  success,  and  the  two  more  promising  methods  devised 
seem  capable  of  yielding  evidence  of  considerable  value.  In  principle 
these  two  methods  are  essentially  the  induction  of  a  chronic  irritation. 
In  th(»  case  of  tar-cancer  this  irritation  is  attributable  to  chemical 
compounds  not  yet  isolated,  whilst  in  the  other  case,  where  cancer  is 
induced  by  infecting  animals  with  gross  parasites,  the  irritation  may 
bo  regarded  as  set  up  by  the  presence  and  products  of  these  parasites. 

The  pioneer  work  of  Fibiger  (191.3)  <"^  on  the  induction  of  cancer 
of  the  rat  stomach  after  artificial  infection  with  the  nemato<le 
Gonffijlonema  veoplasticum,  has  been  ]>aralleled  and  amplified  by  the 
discovery  of  Bullock  and  Curtis  (1920)  <*>.  These  latter  authors  have 
produced  a  large  number  of  cases  of  sarcoma  of  the  rat  liver  by  the 
simple  expedient  of  feeding  the  rats  with  the  ova  of  Tania  crassicollis  ; 
the  sarcomata  have  arisen  from  the  encapsulating  tissue  surroniuling 
the  larva;  (Ci/sticercus  cellulos(t). 

The  first  production  of  cancer  by  the  repeated  application  of 
coal-t«r  to  the  rabbit's  ear  was  obtained  by  Yama«»iwa  and  Ichikawa 
(1915)  <"*,  and  this  observation  has  been  repeated  and  extended  to  mice 
by  Tsutsui  (1918)  <'>\  Fibiger  and  Bang  (1920)  <«\  Murray  and  Woglom 
(1921)  <»\  Bloch  and  Dreifuss  (1921)  <">,  and  Deelman  (1922)  <»>.  These 
authors  have  all  applied  the  tar  to  an  epithelial  suiface,  and  the  tumours 
developing  have  been  epithelial  in  character,  although  in  a  few 
instances  tumours  were  fomid  where  the  epitheliomatoua  masses  were 

*  Keprintod  by  pertuission  from  ILe  Journal  of  Ptithology  and  Itacteriologv, 
Vol  sxv.,  19i>l>. 
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mixed  with  a  sarcomatous  element.  Tlie  sarcoma  may  have  developed 
as  the  result  o£  irritation  of  connective  tissue  by  the  tar,  or  it  may  have 
been  brought  about  by  the  neoplastic  epithelial  cells.  The  sarcomatous 
transformation  of  the  stroma  of  an  epithelial  tumour  is  now  generally 
accepted  as  occurring  occasionally,  and  indeed  it  may  be  recalled  that 
the  first  tumour  produced  experimentally  was  a  sarcoma  arising  during 
the  transplantation  of  a  mammary  carcinoma  of  the  mouse,  and 
described  by  Ehrlich  and  Apolant  (1905)  ^*\  Other  instances  of  this 
chano-e  in  the  stroma  have  been  described  by  Haaland  (1908) '^\  the 
author  (1910)  *^^\  and  others.  In  the  case  described  by  the  author,  the 
sarcoma  arose  with  great  regularity  after  about  two  months'  growth  of 
the  carcinoma  in  any  one  mouse,  and  the  tumour  strain  continued  to 
behave  in  this  way  for  several  years,  although  eventually  the  power 
was  completely  lost.  The  rapid  and  regular  sarcoma  development  in 
this  instance  suggested  that  the  action  of  tar  on  the  connective  tissues 
of  the  mouse  or  rat  might  yield  results  of  comparative  interest.  After 
our  experiments  were  started,  a  paper  by  Yamagiwa,  Suzuki,  and 
Murayama  (1921)^^*^  described  the  production  of  fibro-myxosarcoma  in 
the  rabbit  after  intra-mammary  inoculations  of  tar  or  lanolin  tar.  They 
only  succeeded  in  obtaining  one  tumour  in  200  rabbits  after  two  years' 
treatment. 

At  the  end  of  January  1921,  50  male  mice,  aged  3  to  4  months, 
were  given  a  subcutaneous  inoculation  of  tar  into  the  right  flank.  An 
ordinary  transplanting  needle  was  used  for  this  purpose,  and  the 
amount  of  tar  for  each  dose  varied  from  10  to  15  mgrms.  The  site 
of  inoculation  was  afterwards  wiped  with  a  })ledget  of  cotton-wool 
soaked  in  chloroform,  which  removed  the  traces  of  tar  adhering  to 
the  skin.  Male  mice  were  selected,  as  the  occurrence  spontaneously 
of  a  mammary  carcinoma  in  females  makes  an  avoidable  complication. 
The  tar  inoculations  were  repeated  weekly.  After  six  months  30  mice 
were  left,  but  during  the  hot  autumn  there  was  a  heavy  mortality  and 
only  7  survived  to  the  end  of  October.  Pneumonia,  enteritis  and 
sepsis  around  the  tar  inoculations  were  the  common  causes  of  death. 
A  number  of  mice  presented  a  distinct  anaemia  with  fatty  liver  and 
slight  parenchymatous  nephritis,  which  was  possibly  attributable  to 
a  toxic  action  of  the  tar.  No  tumour  was  found  post-mortem.  Eight 
and  a  half  months  after  the  commencement  of  the  experiment  one  of 
the  7  surviving  mice  showed  a  small  ulcerating  surface  at  the  site 
of  inoculation,  and  a  fortnight  later  a  small  nodule  about  1  cm.  in 
iliameter  could  be  palpated.     This  nodule  grew  slowly  for  about  two 
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woeks,  when  It  wns  oxcitiod  nnd  niitoplnstH  injuii*  into  the  animni,  nnd 
also  tninsplimtation  into  normal  mice.  The  mouse  died  two  weeks  after 
the  operation ;  the  autophists  had  grown,  but  no  metastai»e»  were 
detected.  Microscopically,  the  growth  was  a  spindle-celled  sarcoma 
showing  a  few  mitoses  (PI.  XVIII.  fig.  1).  The  topography  of  the 
tumour  is  shown  in  PI.  XIX.  fig.  2;  the  large  masses  of  pitch  shown 
to  the  rl^iht  of  the  drawing  were  embedded  in  very  cellular  fibrous 
tii^sue,  nssunung  in  jjlaccs  a  sarcomatous  appearance.  The  sulx'Utaneou.s 
muscular  tissue  was  infiltrated  by  growth,  and  the  area  beneath  the 
ulcerated  surface  showed  acute  inflammatory  clianges.  The  edges  of 
the  sarcoma  showed  numerous  large  blood  sinuses. 

The  transplanted  tumour  grow  slowly  and  in  a  low  percentage  in 
normal  mice  :  it  was  cultivated  through  six  generation?,  but  showed 
no  general  improvement  in  its  manner  of  growth  and  was  allowed  to 
die  out.  No  further  instance  of  tar-sarcoma  developed  in  this  series  of 
animals,  the  last  of  which  died  thirteen  n)onths  after  the  experiment 
began. 

In  addition  to  the  above  experiment  on  mice,  a  similar  experiment 
was  carried  out  on  40  rats.  In  half  of  these  the  inoculation  of  tar  was 
begun  on  April  .5,  1021,  while  in  the  other  half  the  inoculation  was  begun 
a  fortnight  later.  Unfortunately  these  also  suffered  a  heavy  mortality  : 
12  survived  six  months,  and  at  the  end  of  twelve  months  only  4  rats 
were  alive.  The  commonest  c.iuse  of  death  was  pneumonia  or  a  septic 
bronchiectasis.  The  only  tumour  obtainetl  from  this  series  first  appeared 
on  March  20,  1022,  when  a  firm,  tender  nodule  about  1  cm.  in  diameter 
was  ])alpable  at  the  site  of  the  inoculations.  The  nodule  grew  very 
rapidly  and  two  weeks  later  formed  a  roughly  spherical  mass  of  5  cm. 
diameter,  when  it  was  excised.  Transplantation  into  normal  rats  was 
carried  out  with  some  of  this  material,  and  nn  autoplast  was  implanted 
into  the  other  flank.  In  three  weeks  the  autoplast  grew  to  al)out 
12  grms.  of  tumour  and  was  cut  out.  The  original  tumour  however 
had  recurred,  and  grew  so  rapidly  that  the  animni  was  killed  on 
May  5,  1022.  In  addition  to  the  large  recurrent  mass  in  the  right 
flank,  two  metastatic  nodules  each  about  8  nun.  in  diameter  were 
present  in  the  upper  lobe  of  the  left  lung. 

Histologically,  the  priniary  tumour  is  a  polymorphic-cell  sarcoma. 
Around  the  centrally  situated  necrotic  areas  the  aspect  is  more  that 
of  a  spindle-cell  sarcoma  with  numerous  bundles  of  collagen  fibrils. 
The  cells  of  this  area  fre<iuently  contain  coarse  granules  of  glvcogen. 
In  the  peripheral  parts  of  the  tumour,  the  cells  are  verv  varied  in  shape 
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and  size,  and  PI.  XX.  fig.  3  is  a  representative  field  of  what  can  be 
found.  Bipolar  and  multipolar  mitotic  figures  are  numerous,  but  the 
most  striking  feature  is  the  varied  character  of  the  giant-cells  present. 
These  are  frequently  multinucleated,  but  mononuclear  forms  are  also 
present  with  extremely  irregularly  shaped  nuclei.  The  mitoses  in  these 
latter  cells  present  a  very  high  number  of  chromosomes,  as  many  as 
a  hundred  or  more  being  observed  in  one  figure.  The  pulmonary 
metastases  reproduced  exactly  the  histology  of  the  primary  growth. 
The  structure  of  this  tumour  resembles  very  closely  that  described 
by  Marie,  Clunet,  and  liaulot-Lapointe  (1910)  *^^  for  a  sarcoma  of  the 
rat  produced  by  repeated  exposure  to  X-rays  of  the  region  of  the  tail. 

The  transplantation  of  this  tar-sarcoma  into  normal  rats  has  been 
very  easy,  as  the  tuuiour  grows  rapidly  in  almost  every  animal,  although 
the  earlier  generations  still  show  a  good  deal  of  spontaneous  absorption. 

The  heavy  mortality  amongst  the  mice  and  rats  in  these  experiments 
excludes  the  possibility  of  forming  any  estimate  of  the  number  of 
animals  likely  to  yield  a  sarcoma  by  this  treatment.  When  the  mouse 
sarcoma  had  become  a  palpable  tumour  only  5  survivors  were  left, 
and  in  the  case  of  the  rats  only  4  were  alive  when  the  polymorph- 
cell  sarcoma  arose.  The  nine  months  taken  by  the  mouse  to  develop 
a  sarcoma  is  rather  longer  than  the  time  usually  taken  for  the  pro- 
duction of  a  carcinoma  by  tar  applications  to  the  skin.  Hitherto  no 
one  has  succeeded  in  producing  carcinoma  in  the  rat  by  the  external 
application  of  tar,  but  the  first  case  of  X-ray  sarcoma  described  by 
Marie,  (Jlunet,  and  Raulot-Lapointe  took  about  twelve  months  to  arise, 
the  same  time  as  our  tar-sarcoma  required.  Compared  with  the  number 
of  spontaneously  occurring  sarcomata  in  rats,  very  few  carcinomata 
have  been  seen,  and  it  is  evident  that  the  epithelial  tissues  of  this 
animal  are  loss  prone  than  the  mesoblastic  to  undergo  neoplastic 
changes.  The  connective  tissues  of  the  rat  react  very  strongly  during 
the  processes  of  repair,  in  inflammatory  conditions  and  during  the 
revascularisation  of  a  carcinoma  graft.  This  last  reaction  has  been 
described  and  amply  illustrated  in  a  communication  by  Woglom 
(1912)  (12). 

As  a  supplement  to  our  own  observations  the  reaction  of  the 
subcutaneous  tissues  of  mice  and  rats  to  tar  has  been  studied  by 
examining  the  site  of  inoculation  at  intervals  of  four  to  seven  days. 
In  the  picture  obtained  for  the  mouse  there  is  considerable  variation 
in  the  detail  from  one  animal  to  another,  but  there  is  in  general  some 
degree  of  necrosis  associated  with  the   ordinary  changes  observed  in 
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acute  inflaminaiiun.  The  iiumbor  of  fibroblasts  undergoing  division  is 
always  small.  PI.  XX.  fig.  4  exhibits  the  changes  observed  as  late 
as  the  seventh  day,  when  the  more  aciito  inflammatory  changes  arc 
passing  ofE.  It  will  be  seen  that  the  field  is  occupied  mainly  liy 
fibroblasts  and  largo  phagocytes.  The  tar  is  present  in  blocks  composed 
nuiinly  o£  carbon  particles,  but  from  these  a  number  of  minute 
homogenoous  brown  globules  have  ditYused  out  into  the  surrounding 
tissue,  where  they  frequently  are  found  intracellularly.  In  the  rat 
the  fibroblastic  proliferation  is  much  more  active,  but  the  reaction  is 
otherwise  sinnhir.  In  several  of  those  animals  which  Imd  died  after 
several  months  of  weekly  tur  inoculations,  the  tissues  around  the 
nodules  of  accumulated  pitch  were  examined.  In  addition  to  the 
subacute  inflammatory  changes  around  the  more  recently  introduced 
tar,  it  was  observed  that  the  dense  blocks  of  carbon  particles  remaining 
from  the  older  inoculations  were  lying  imbedded  in  au  apjMirently 
quiescent  dense  connective  tissue.  The  long,  frequently  repeatetl 
inoculation  of  tar  necessary  to  produce  a  tumour  indicates  that  a 
slow  cycle  of  changes  in  the  cells  of  the  reacting  tissue  must  be 
gone  through  before  the  neoplastic  change  sets  in.  Our  own  observa- 
tions of  the  intermediate  stages  have  failed  to  reveal  any  histological 
peculiarity  suggestive  of  an  alteration  in  the  cellular  reaction,  and 
nothing  has  been  found  which  could  be  pointed  to  as  resembling  a 
l)enign  type  of  growth.  The  macroscopic  and  the  microscopic  appear- 
ances seen  in  our  two  cases  of  sarcoma  point  rather  to  the  neoplastic 
change  being  of  a  very  sudden  character,  as  if  nature  had  departed  from 
the  common  rule  and  proceeded  per  saltum. 

Conclusion. 
It  has  been   shown   that  sarcoma  of  rats  and  mice  can  be  pro(iuced 
by  repeated  subcutaneous  inoculation  of  coal-tar. 
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I'LATK  XVIII. 


Fio.  1. — lligh-puwer  view  of  spiuille-cell  tar-tuucuiua  ofmoitse. 
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PLATK  XX. 


Fio.  3. High-power  view  of  polyniorph-cell  tnr-farconia  of  rat. 
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Fig.  4.— Seven  day  old  reaction  of  mouse  to  subcutaneous  inoculation  of  ur. 


[Kitjhth  SeieiUijic  Report  of  the  Iiiifjerial  Cancer  liesearch  Fund,  11)23.] 


EXPERIMENTAL  OSTEO-SARCOMA  OF  RAT. 

By  B.  11.  G.  ItUSSELL. 
(Plate  XXI.) 


The  present  brief  coininunicution  is  an  addendum  to  the  preceding 
reprinted  article,  and  relates  the  subsequent  course  of  events  in  the  case 
of  oni^  of  the  rats  there  mentioned,  but  surviving  after  that  article  was 
published.  This  particular  rat,  an  elderly  female,  was  one  of  the  series 
of  forty  animals  which  had  been  inoculated  subcutaneously  with  tar 
once  a  week  for  twelve  months.  The  inoculation  cca.sed  after  this  period, 
but  the  four  survivors  were  kept  under  observation  and  examined  at 
intervals.  Six  months  later,  the  single  rat  remaining  alive  was  found 
to  have  a  liard  but  apparently  tender  nodule  situated  beneath  the  skin 
of  the  right  groin,  about  the  site  where  the  tar  inoculations  had  been 
done.  The  nodule  was  roughly  spherical  in  shape  and  about  a 
centimetre  in  diameter. 

During  the  next  three  weeks  the  tumour  grew  steadily  and  fairly 
rapidly,  more  than  trebling  its  bulk  in  this  period.  Excision  of  the 
growth  was  performed  under  ether  antvsthesia,  and  an  autoplastic 
inoculation  was  made  into  the  left  Hank.  No  evidence  of  growth  of  this 
autoplast  was  found  at  the  post-mortem  a  fortnight  later,  and  uo 
spontaneous  metastases  were  seen  in  the  regional  glands  or  lungs. 
The  latter  showed  pneumonic  and  bronchieotatic  patches;  these  were 
the  apparent  cause  of  death. 

The  growth  removed  by  operation,  when  split  open,  showed  at  one 
pole  a  number  of  nodules  of  pitch  embedded  in  dense  fibrous  tissue. 
The  centre  of  the  tumour  had  undergone  caseous  degeneration,  but  the 
peri[)hery  was  a  firm  pearly-tinted  tissue,  containing  numerous  gritty 
points  which  subsequent  examination  showed  to  be  of  a  bony  nature. 
The  general  appearance  of  the  parenchyma  was  that  of  a  polymorph- 
celled  sarcoma,  the  cells,  round  or  oval  in  outline,  varying  considerably 
in  si/e  in  ditterent  areas.  The  connective-tissue  stroma,  scanty  in  the 
very    cellular    actively    growing   areas.    w;t-;    more    abundant    in     the 
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apparently  older  and  more  quiescent  parts  o£  the  tumour.  A  low- 
power  view  of  the  edge  of  the  growth  is  given  on  PI.  XXI.  fig.  1,  and 
shows  a  number  of  the  masses  of  pitch  surrounded  by  fibrous  tissue, 
which  has  in  places  undergone  osteoid  metaplasia.  Bony  particles  arc 
also  seen  scattered  through  the  sarcomatous  tissue  abutting  on  the  pitch. 
PI.  XXI.  fig.  2  gives  a  high-power  view  of  a  more  cellular  portion 
with  an  adjacent  small  osteoid  formation.  A  number  of  mono-  and 
multinucleated  giant  cells  are  also  present,  although  not  so  numerous  as 
in  the  other  tar  sarcoma  of  the  rat  already  described.  The  smaller 
areas  of  osteoiil  tissue  are  usually  free  from  lime  salts,  but  they  are 
present  in  the  larger  areas. 

The  growth  proved  to  be  readily  transplantable  into  normal  rats,  and 

is  still  being  kept   in  cultivation  by  this    means.      Transplantation  is 

usually  successful   in   60  or  80  piT    cent,  of   the  cases  ;  the  daughter 

tumours  grow  rapidly,  but  many  regress  and  disapjiear  entirely  after 

three  or  four  weeks'  growth.     Osteoid  tissue  has  not  been  seen  in  any  of 

the  tumours  from  the  later  generations,  and  has  only  been  found  in  two 

very  old  tumours  from  the  first  transplantation,  whicli  had  grown  slowly 

but  steadily  for  93  and  98  days  respectively.     The  metaplasia  seems  to 

require  a  long  period  to  unfold  itself,  and  its  absence  in  later  generations 

may  be  only  attributable  to  the  difficulty  of  allowing  sufficient  time  for 

its   development^  since    the    later    growths,   if    they  do  not   disappear 

spontaneously,  grow  so  rapidly  that  the  rats  have  to  be  destroyed  long 

before  three  months  have  elapsed.     The  process  of  ossification  as  seen  in 

its  earlier  stages  in  these  two  transplanted  tumours  would  appear  to 

begin  in  the  stroma  and  not  in  the  parenchj^ma.     The  connective-tissue 

bundles  lose  much  of  their  fibrillar  structure,  and  increase  in  bulk  either 

in  the  form  of  small  islets,  or  of  an  interlacing  network  with  tumour 

cells  enclosed.     Sometimes  these  cells  are  rounded  off,  and  a  cartilaginous 

appearance  is  lent  to  the  islet,  but  more  usually  the  irregular  outline  of 

the  cells  with  pointed  processes  gives  the  tissue  the  osteoid  appearance. 

The  deposition  of  lime  salts  is  only  seen  in  the  larger  and  apparently 

older  islands,  where  it  occurs  centrally  as  rounded  granules.     In  the 

primary  growth  it  is  probable  that  the  bone  was  a  formation  secondary 

to    the   development   of    the    strictly   sarcomatous    tissue    from    the 

subcutaneous  tissue  of  the  rat. 

From  the  point  of  view  of  the  experimental  production  of  cancer,  this 
case  is  of  special  interest  because  of  the  long  interval,  five  and  a  half 
months,  elapsing  between  the  cessation  of  tarring  and  the  detection  of 
a  growth.     This  is  a  much  longer  interval  than  any  found  in  the  case 
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of  inico  hy  Loitcli  *,  who  lias  inado  u  special  stutly  of  this  particular 
point.  It  is  difticiilt  to  decido  in  such  cuiies  how  much  of  the  apparent 
interval  is  rtal.  In  the  present  instance^  if  one  were  to  judge  solely  liy 
tlio  size  of  th(!  tumour  whon  first  detected  and  hy  its  subsequent  rate  of 
growth,  the  date  of  onset  would  be  put  back  only  three  or  four  weeks. 
If,  however,  the  degree  of  osteoid  metaplasia  present  be  considered  and 
compared  with  that  shown  by  lator  transplanted  growths  of  known  age, 
then  the  date  of  onset  is  put  back  four  or  five  months,  and  the  interval 
between  stopping  the  tarring  and  the  onset  of  the  neoplastic  change  is 
practically  wipo<l  out.  The  assumption  is  made  without  actual  proof 
being  shown  that  the  inoculated  tar  ceases  to  give  off  any  more 
caucrogenio  bodies  after  one  or  two  weeks.  The  masses  seen  in 
PI.  XXI.  fig.  1  represent  a  residue  mainly  of  carbon  particles  with 
other  products  insoluble  in  the  body  juices,  and  to  which  the  tissues  are 
indifferent.  This  case  therefore  cannot  be  regarded  as  one  exemplifying 
the  onset  of  a  neoplasia  long  after  the  exciting  cause  has  ceased  to 
operate,  but  rather  as  a  confirmation  of  the  observation  that  continual 
irritation  for  a  year  is  necessary  to  produce  a  sarcoma  in  the  rat. 

•  Leitch,  A.,  Brit.  Med.  Journ.  Dec.  9tb,  192i>. 


»».  rik«.MiM. 


Flu.  I. — l.tiw-powor  view  of  margin  of  tiiniotir  showiug  ])itcl>  iuns.««>8  surrounded  by 
.     tibrous  tissue  in  part  undergoing  osteoid  nietftpla»ii».      X  -j  - . 


Fio.  2.— High-power  view  of  a  more  cellular  part  of  the  tumour  depicting  osteoid 
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tissue  on  the  right  side  of  Hgure.     x  -y . 


[EUjhlh  Scientijic  Report  of  the  Imperial  Cancer  Reteanh  Funil^  1923.] 


PRIMARY    AND    SECONDARY    RESISTANCE   TO   THE 
INDUCTION    OF    CANCER. 

By  J.   A.  MURRAY. 
(Plates  XXII.-XXVI.) 


1.  Priman/  Resistance. 
The  researches  oni  experimental  carcinogenesis  of  the  past  ten  years 
have  familiarised  pathologists  with  the  constancy  with  which  a  con- 
tinuation of  the  (effective  stimulation  over  a  considerable  time  is 
essential  to  successful  induction  of  cancer.  This  feature  of  the  course 
of  such  experiments,  harmonises  with  the  chronic  character  of  the 
irritations  which  clinical  experience  of  the  disease  in  man  and  animals 
has  shown  to  be  nearly  universal  in  those  forms  of  the  disease  where 
such  a  nexus  can  be  inferred.  Taken  in  conjunction  with  the  histo- 
logical identity  of  the  lesions,  it  gives  us  reasonable  assurance  of  the 
fundamental  identity  of  the  processes  involved  in  cancer  as  it  occurs 
naturally,  and  under  experiment.  Of  all  the  methods  which  have  been 
used  to  produce  cancer  in  experimental  animals  (X-rays,  animal 
parasites,  tar,  paraftin,  arsenic),  the  application  of  tar,  or  tar  product*, 
has  been  most  widely  employed,  and  our  knowledge  of  its  action  is 
correspondingly  extensive.  In  what  follows,  this  is  the  only  method  to 
which  reference  will  be  made,  but  it  must  be  clearly  understood  that 
once  malignant  growth  has  been  started  by  this  means,  there  are  no 
characters,  clinical  or  microscopic,  by  which  the  tumours  can  be 
distinguished  from  those  of  the  same  tissue  produced  by  other  agencies 
or  arising  spontaneously,  i.  f .,  without  known  association  with  external 
agencies. 

The  length  of  time  which  elapses  from  the  beginning  of  tarring  till 
real  autonomous  growth  sets  in,  shows  great  variation  even  in  animals 
of  the  same  species.  In  the  mouse  this  interval  may  be  as  short  as 
three  months,  or  as  much  as  eighteen  months,  and  in  one  experiment  a 
mouse  reinainotl  free  from  grow  th,  although  tar  had  been  applied  lo  the 
same  area  twice  woekly  for  more  than  eighteen  months.     The  majority 
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of  mice,  however,  develop  skin  carcinomata  Avitliin  six  to  nine  months 
of  tarring  applied  twice  weekly.  The  extent  of  the  area  painted  appears 
to  have  little  influence.  Very  similar  results  have  been  obtained  by 
painling  the  whole  dorsal  surface  of  the  animal  (Deelman)^^*,  or  an  area 
of  a  square  centimetre  (Fibiger  and  Bang)  *^*,  or  less  (Murray  and 
Woglom)^''^  The  frequency  of  the  application,  as  might  be  expected, 
affects  both  the  rapidity  of  induction  and  the  percentage  of  success. 
Even  a  reduction  from  twice  to  once  weekly  prolongs  considerably  the 
interval  necessary  to  produce  cancer  in  mice,  and  the  mnjority  of 
workers  have  made  their  applications  on  alternate  days  or  three  times 
a  week. 

An  interesting  question  is  whether  there  is  an  upper  limit  to  the 
intensity  of  the  stimulation  which  may  be  followed  by  cancer  pro- 
duction. In  an  experiment  on  rabbits  it  was  found  that  bi-weekly 
applications  of  ethereal  extract  of  tar  to  a  small  area  on  the  nape  of  the 
neck  produced  highly  inflamed  and  tender  excoriations  within  a 
month.  The  applications  were  discontinued  for  2-3  weeks,  and  then 
begun  again,  but  only  once  weekly.  Tlie  irritative  phenomena  did  not 
recur,  but  after  6-8  months  from  the  beginning  of  the  experiment — 
two  rabbits  out  of  fifteen  showed  localised  progressive  lesions  which 
continued  after  painting  was  stopped,  and  proved  to  be  typical 
squamous  cell  carcinomata  when  examined  microscopically  after 
excision.  None  of  the  other  rabbits  in  this  experiment  have  developed 
progressive  lesions,  even  after  more  than  a  year  of  tarring,  and  the 
success  in  these  two  animals  may  be  due  to  greater  individual 
susceptibility,  rather  than  to  the  more  widely  spaced  and  less  severe 
stimulation.  The  final  result  in  this  experiment,  which  is  still  going 
on,  may  show  whether  the  stimulation  in  the  other  animals  has  been 
too  severe  or  inadequate,  according  as  continued  tarring  fails  to  produce 
cancer,  or  ultimately  does  so.  Some  features  of  industrial  cancer  in 
inan  bear  on  this  possibility.  Thus  it  is  interesting  to  note  that  cancer 
has  never  been  observed  in  the  workers  in  chromic  acid  factories,  in 
whom  chronic  ulcerations,  known  as  chrome  sores,  are  common.  Then 
again  X-ray  cancer  has  rarely  supervened  at  the  site  of  X-ray  burns 
and  never  after  radium-burns,  but  rather  in  areas  subjected  repeatedly 
to  slight  amounts  of  irradiation.  Contrast  also  the  occurrence  of 
carcinoma  of  the  shin  in  locomotive  engine  drivers  exposed  to  the 
irradiation  from  the  open  fire-box  with  the  fact  that  the  much  more 
intense  stimulation  of  the  finger-tips  by  pipe  smokers  in  pressing 
down  the  glowing  tobacco,  is  apparently  never  followed  by  cancer. 
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Acconlinn;  to  Deolmnn  the  association  of  nnotlior  kind  of  injury  with 
tarring,  rcsultH  in  a  shortening  of  the  time  necessary  to  produce  cancer. 
Deolmaii  scarlMcd  tlie  dorsal  surface!  of  niico  immediately  l)efore 
tarrin«5.  The  treatn)ent  was  carried  out  on  alt<'rnate  days  for  a  week 
and  then  tarred  without  scarification  thrice  weekly  for  one  month. 
Papillomatous  new  growths  ^oing  on  to  malignant  new  growth,  super- 
vened five  to  eight  weeks  after  the  beginning  of  the  experiment, 
i.  e.y  roughly  one  (piarter  of  the  time  necessary  without  scarification. 
Doelman  considers  that  scarification  acts  hy  ensuring  a  more  intimate 
application  of  the  tar  to  the  deeper  layers  of  the  skin,  but  the  following 
observations  suggest  that  a  more  fundamental  significance  should  be 
attributed  to  it.  When  the  area  scarified  and  tarred  is  small,  the  time 
of  cancer  |)roduction  is  not  shortened  to  anything  like  the  proportion 
obtained  by  Deelman.  It  is  also  significant  that  he  found  that  re|)eti- 
tion  of  scarification  after  the  first  week  did  not  further  accelerate  the 
onset  of  neoplastic  change.  It  is  as  if  the  trauma  and  the  reparative 
changes  following  it,  had  put  the  cells  in  a  more  receptive  condition  for 
the  carcinogenetic  action  of  the  tar. 

The  relation  of  trauma  to  the  induction  of  new  growth  is  further 
illuminated  by  the  work  of  Drew^^*  on  the  mechanism  of  repair  by  the 
method  of  tissue  culture.  It  has  been  known  for  a  long  time  that 
actively  growing  embryonic  tissues,  and  tumours  also,  proliferate 
immediately  when  placed  in  a  suitable  medium  outside  the  body.  The 
quiescent  tissues  of  the  young  or  adult  animal,  on  the  other  hand,  do 
not  begin  to  grow  till  after  the  lapse  of  an  interval  more  or  less 
prolonged.  Thus  Drew  found  that  heart  or  kidney  of  the  rat  may  lie 
dormant  for  from  ten  to  fourteen  days  in  a  medium  in  which  the  corres- 
])on(ling  embryonic  tissues,  and  tumours,  would  have  shown  vigorons 
growth  in  24-4K  hours.  When  a  filtered  saline  extract  of  disintegrated 
rat  kidney  which  has  been  inculmted  at  37°  C.  for  2-4  hours,  is  added 
tx>  the  culture  medium,  adult  tissues  begin  growing  at  once,  and  in  48 
hours  spread  out  on  the  cover-glass  in  a  sheet  of  healthy  dividing  cells. 
The  initial  delay  has  been  eliminated.  If  the  disintegrated  kidney, 
instead  of  being  incubated,  is  maintjiined  at  0°C.  for  2  hours  and  then 
filtered  ofl\,  the  fluid  is  devoid  of  this  actively  stimulating  property. 
When  u  similar  extract  is  prepared  at  0°C.  from  a  rapidly  growing 
transplantable  carcinoma  or  sarcoma  of  the  mouse  it  is  found  to  be  as 
rich  as,  or  richer  than  the  extract  of  incubated  damaged  normal  tissue, 
in  the  activating  substances.  From  these  obseivations,  manv  times 
repealed  and  always  with  the  ?ame  r<>ult,  it  is  concluded  that  lhf*e 
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nialionant  growths  produce  continuously  of  their  own  accord,  growth 
stimulating  substances  which  normal  tissues  only  elaborate  in  response 
to  cell  damage.  A  direct  relation  exists  between  the  growth  stimulating- 
power  of  the  tumour  extracts  and  the  rate  of  growth  of  the  tumour  used 
to  prepare  it.  This  suggests  strongly  that  the  bio-chemical  mechanism 
by  which  their  proliferation  is  maintained  is  (at  any  rate  in  part)  by 
the  elaboration  of  this  growth  activating  substance  or  substances.  It 
is  not  desirable  to  attempt,  at  the  present  stage  of  these  iuYestigations, 
a  speculative  development  of  this  conception  of  the  nature  of  neoplastic 
proliferation  further  than  to  point  out  how  well  it  accords  with  the 
additive  effect  of  trauma  in  accelerating  cancer  production  as  shown  by 
Doelman.  A  certain  amount  of  activating  substance  is  probably  pro- 
duced by  any  kind  of  cell  damage,  and  when  by  constant  repetition  this 
production  has  become  automatic,  proliferation  will  continue  after 
removal  of  the  initial  cause  of  protoplasmic  disintegration.  Temporary 
hypertrophies  would,  in  this  conception,  correspond  to  the  purely 
reactive  production  of  activator,  ceasing  when  the  irritant  is  removed, 
benign  growth  to  an  autonomous  production  in  small  amount,  and 
malignant  growth  to  a  more  abundant  production. 

In  the  past,  one  has  been  accustomed  to  regard  the  preparatory 
period  of  chronic  irritation  which  precedes  the  development  of  cancer 
as  occupied  in  a  gradual  cumulative  removal  of  resistance  on  the  part 
of  the  organism  to  the  unrestricted  powers  of  growth  of  its  constituent 
cells.  This  resistance,  variously  designated  by  inhibition,  internal 
tissue  tension  and  similar  fantastic  expressions,  was  regarded  as 
holding  the  tissues  in  check.  The  preceding  discussion  leads  to  a 
somewhat  different  conception,  viz.,  that  in  cancer  the  cell  acquires 
new  properties,  exploitations,  if  you  will,  of  the  normal  cell  activities, 
but  acting  in  a  new  wa}^  with  disastrous  consequences  to  the 
organism. 

Two  other  features  of  the  development  of  cancer  under  experimental 
conditions  bear  on  this  conception  of  the  secondary  character  of  the 
neoplastic  transformation.  The  first  is  the  discrete  focal  character  of 
the  process.  Growth  begins  in  isolated^  usually  minute,  areas  and  not 
diffusely  throughout  the  whole  zone  of  application  of  tar.  The  second 
is  the  existence  of  a  latent  period,  very  little  affected  by  continuation 
of  the  irritant,  as  indicated  by  Deelman's  work,  and  emerging  clear!}'- 
from  the  deliberate  experiments  of  Lcitch  ^^>  and  of  Bang  ^^\  These 
authors,  working  independently,  stopped  the  applications  after  2,  3 
or  more  mopths  in  animals  which  had  shown  no  proliferative  changes 
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or  only  sli;;lit  hyperplasins,  nn<l  found  cancer  appearing  after  a  fnrthcr 
interval  at  the  treated  site.  In  several  instances  tho  local  hjjierplasia 
had  regressed  and  the  skin  had  become  smooth,  and  the  new  growth 
started  in  the  otherwise  normal  but  hairless  area. 

2.  Secondary  Resistance  to  Cancer  Production. 

The  strict  localisation  of  experimental  tar-cancer  to  the  area  painted, 
would  lead  one  to  expect  that  subsequent  tarring  of  another  area  remote 
from  the  first  would  again  result  in  the  production  of  a  fresh  primary 
growth  at  the  new  site.  Experiments  of  this  kind  frequently  en<l 
prematurely  by  the  death  of  the  animal  from  intercurrent  disease  or 
from  metastasis  in  internal  organs  from  the  first  primary  growth.  For 
this  reason,  although  these  attempts  liave  been  carried  out  for  more  than 
two  years,  in  more  than  50  mice,  in  which  experimental  tar-cancer  had 
been  produced,  the  number  in  which  the  second  tarring  was  at  all 
commensurate  in  duration  with  the  first  is  still  very  small.  The  accom- 
panying table  gives  the  duration  of  the  first  tarring,  the  interval 
between  the  two  series  of  applications,  and  the  duration  of  the  second 
tarring. 


Identification 

Duration  of  first 

Interval. 

Dumtion  of  a 

number. 

tarring. 

tarring. 

1577   

25  weeks 

36  weeks 

24  weeks 

1632 

58      „ 

8      „ 

25      ., 

1717   ... 

28      „ 

12      „ 

2»      ,. 

In  none  of  these  mice  was  there  any  indication  of  proliferative 
changes  at  the  second  site.  The  hair  fell  out  in  the  treated  area  and 
the  skin  was  found  to  be  atrophic  when  it  was  examined  in  sections 


Fio.  1.— Mouse  KiOl.     Mnrgin  of  tarred  area  showing  slight  proliferative  changes. 
About  ©ne-lbirtl  of  tbo  nren  i.s  shown  on  the  riirbt  with  ntjY>]ihir  epitht'liuni. 

(('/.  Kig.  1).  Tak«'n  by  tliomselvo.s  the.-^o  obsorvations  are  without  signi- 
ficance, except  incidentally,  for  the  doubt  they  throw  on  the  presumed 
predisposing  action  of  age  as  increasing  the  liability  to  cancer,  if 
no  other  factor  l)€  assumed  to  operate.  The  result  of  a  similar  trial 
in   mice  with   spontaneous   niammary  cancer,  however,  increases  the 
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probability  that  these  negative  results  are  not  fortiiitoiis,  but  due  to  a 
real  insusceptibility  o£  the  animals  to  the  carcinogenetic  action  of  tar. 
The  next  table  gives  the  duration  of  the  tarring  of  mice  in  which  spon- 
taneous mammary  carcinoma  had  been  removed  by  operation. 

Identification  Duration  of  tarring.  Result, 

nnmber. 

1,595     20  weeks  Negative 

1601     23    „  . .      Figure  1 

1620 22    „ 

1635     17    „ 

1641     24    „ 

1649     20    „ 

1655     21    „ 

1737     37     „    S. 

1755     18     „     S.  .  .       Metastases  in  lungs 

from  mammary  tumour 

1757 9     „ 

1758     14     „     S. 

1760     25     „     S. 

1777     11     „     S. 

1787     8     „     S.      Papilloma  growing  progressively  after 

cessation  of  tar. 

In  those  marked  "S  "  in  the  column  giving  the  duration  of  tarring, 
scarification  was  combined  with  the  application  of  tar,  either  for  the 
whole  or  part  of  the  time.  The  result  after  eight  weeks  in  mouse  1787 
is  taken  to  indicate  that  the  failure  to  produce  any  proliferative 
changes  was  not  due  to  insufficient  duration  or  intensity  of  the  appli- 
cations, but  indicates  a  real  inability  of  these  animals  to  respond  to  this 
stimulation,  carcinogenic  for  normal  animals. 

Another  experiment  was  carried  out  to  see  how  long  the  first 
stimulation  must  precede  the  second  in  order  to  prevent  the  develop- 
ment of  cancer  from  the  latter.  Only  9  mice  out  of  50  used  survived 
long  enough  to  develop  tumours.  They  had  been  painted  twice 
weekly  on  the  left  shoulder  with  the  ethereal  extract  of  tar  with  which 
most  of  these  experiments  have  been  performed.  Seven  weeks  after 
the  beginning  of  the  tarring,  applications  were  begun  on  the  right 
flank,  unaltered  hairy  .skin  intervening  between  the  two  areas.  The 
result  is  shown  in  the  accompanying  diagram. 

In  two  mice,  carcinomata  have  developed  at  both  sites  and  practically 
simultaneously.  In  four  no  growth  has  been  produced  at  the  second 
site,   although   in  all   but   one    which   died    early,  tarring   has    been 
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kept  up  for  a  poriod,  as  long  as,  or  longer,  than  was  necessary  in  the 
first  instance.  In  three  mice  retarded  development  of  a  tumour  was 
oi)tained  at  the  second  site. 

Some  of  the  peculiarities  in  the  results  of  another  experiment, 
planned  originally  to  show  the  relative  carcinogenic  efficacy  of  the 
alcohol  soluble,  and  of  the  ether  soluble  fractions  of  tar  in  comparison 
with  the  unaltered  whole-tar,  bear  out  this  conclusion  of  a  general 
S3'stemic  effect  of  the  development  of  one  primary  growth,  on  the 
liability  of  the  animal  to  develop  another  primary  growth.  The  experi- 
ment was  begun  before  this  possibility  had  been  suspected.  Unaltered 
whole-tar,  alcoholic  extract  and  ethereal  extract  of  tar  were  a})plied 
simultaneously  to  separate  areas  of  the  dorsal  skin  of  GO  normal  mice. 
After  four  months,  when  the  first  tumour  appeared,  50  mice  survived, 
and  in  these  25  presented  malignant  new  growths  distributed  as 
follows  : — 


Number  of  mice.  Tar.  Alcoholic  Extract.        Ethereal  Extract. 

11      -  -  + 

10     +  _  + 

1  -  +  •   + 

2     + 

1     -  + 

25 


i22 


Twenty-two  out  of  twenty-five  animals  bore  carcinomata  at  the  site 
painted  with  the  ethereal  extract,  and  in  eleven  of  these  no  tumours 
developed  at  the  other  sites  painted.  Twelve  had  carcinomata  at  the 
site  treated  with  the  original  tar,  and  of  these,  ten  had  growths  at  the 
area  treated  with  ethereal  extract,  two  only  having  no  tumours  else- 
where. Only  two  mice  developed  tumours  at  the  site  painted  with  the 
alcoholic  extract.  In  one  of  these  (1710,  PI.  XXII.  fig.  3),  the 
ethereal  extract  also  produced  a  tumour,  in  the  other  only  a  slight 
warty  thickening  appeared  at  the  site  treated  with  the  ethereal  extract 
(PI.  XXIIF.  fig.  4  and  PI.  XXIV.  fig.  5).  While  the  ethereal  extract 
is  definitely  more  certain,  it  is  not  more  speedy  in  its  action  than 
unaltered  tar.  Both  preparations  are  more  active  than  the  alcoholic 
extract,  and  yet  the  latter  in  one  mouse,  alone  gave  rise  to  a  carcinoma. 

The  actual  time  relations  in  the  appearance  of  tlie  tumours  in  seven 
mice  are  represented  in  (PI.  XXVI.  fig.  7),  a  reduced  reproduction  of 
the  laboratory  charts  of  these  animals.  In  the  first  of  these  (No.  1 709), 
first  the  other-tar  tumour,  and  then  the  whole-tar  tumour  takes  the  lead. 
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and  tlie  eiherpn)  extract  tumonr  recedes  Hli^htiy.  After  excision  of  the 
whole-tar  tumour,  the  ethereal  extract  tumour  continues  to  diminish  in 
siz<»  for  two  weeks,  and  then  ^row.s  rapidly  till  it  was  excised  six  weeks 
after  the  first  operation.  In  the  second  mouse  (No.  1710^,  alcoholic 
extract  and  ethereal  extract  provide  tumours  which  progress  sicle  hy  side 
till  they  coalesce.  Ths  separation  can  still  he  seen  in  the  sections  taken 
across  the  lino  of  junction  (PI.  XXII.  lig.  3).  In  mouse  (No.  1711)  a 
temporary  prolifenition  only,  appeared  at  the  site  painted  with  wholc- 
tar.  This  disappeared  completely  after  excision  of  the  ethereal  tar 
extract  tumour.  An  autoplast  was  made  with  the  operation  material 
which  <^rew  progressively  while  the  whole-tar  tumour  was  disappearing. 
The  autoplast  was  excised,  and  the  mouse  lived  for  four  months  without 
showing  any  signs  of  growth  at  the  other  sites  of  painting.  Mouse 
(No.  1714)  is  introduced  to  show  equal  progress  of  holh  whole-tar  and 
ethereal  extract  tumours  with  successful  autoplasty  of  both.  Death 
occurred  three  months  after  excision  of  the  autoplasts  and  of  an 
axillary  lymph  node  with  a  large  mebista.sis.  At  death  metastases 
were  found  in  another  axillary  lymph  node  and  in  the  lungs. 
In  mouse  (No.  1717)  the  whole-tar  ttnnour  did  not  appear  until 
twelve  weeks  alter  excision  of  the  ethereal  extract  tumour.  A  very 
similar  course  is  seen  in  the  last  mouse  of  this  series  (No.  1735), 
hut  in  this  animal  the  whole-tar  tumour  appeare<l  as  a  minute  wart  at 
the  same  time  as  the  ethereal  extract  tumour.  It  remained  quiescent 
for  fourteen  weeks,  and  only  began  to  grow  rafddly  six  weeks  after 
excision  of  the  ethereal  extract  tumour.  In  the  second  last  mouse 
(No.  1729),  the  alcoholic  extract  tumour  grew  rapidly,  while  the  small 
warty  excrescence  at  the  site  ])ainted  with  ethereal  extract  remained 
stationary.  The  microscopic  apj)earances  of  the  two  lesions  are  shown 
in  figs.  4  &  5.  Tln>  mouse  died  two  weeks  after  the  excision  of  the 
alcoholic  extract  tumour,  so  that  it  is  not  possible  to  say  whether  u 
carcinoma  would  have  developed  here  later. 

This  experiment  shows  that  when  several  substances  of  different 
carcinogenic  power  are  applied  sinndtaneonsly  to  separate  areas  of  skin, 
the  result  cannot  be  predicted  with  certainty  from  a  knowledge  of  their 
respective  strengths.  The  residt  in  mouse  (No.  1700),  is  the  rever?e 
of  that  in  nnce  (Nos.  1717  &  1735),  for  in  mouse  (No.  1709),  the 
relatively  weaker  whole-tar  inhibits  for  a  time  the  development  of  the 
tumour  produced  by  the  more  active  ethereal  extract.  In  mouse 
(No.  1729)  the  very  much  less  efficient  alcoholic  extract  had  produced 
a  tumour  which  grew  progressively  while  the  ethereal  extract  lesion 
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remained  stationary.  Taken  in  conjunction  with  the  results  of  the 
retarring  of  tumour  mice  already  described,  Ihis  experiment,  admittedly 
difficult  to  interpret,  gives  indications  o£  a  mutual  influence  of  approxi- 
mately contemporaneous  tumours,  by  which  their  full  cancerous 
development  is  retarded  for  a  time  or  permanently.  The  other  experi- 
ments show  that  the  induction  of  a  fresh  primary  growth  after  a  first 
has  been  definitely  established,  meets  with  a  very  intense  resistance, 
whether  the  first  tumour  be  of  the  same  parent  tissue  or  another.  The 
nature  of  this  secondary  refractoriness  to  the  induction  of  cancer  is 
obscure.  It  is  not  a  resistance  to  growth,  as  is  shown  by  the  occurrence 
of  metastases  and  the  success  of  autoplasty.  It  is,  apparently,  an 
inability  to  react  with  cancerous  proliferation  to  procedures  which  initiate 
it  with  certainty  in  normal  animals.  Nor  has  it  anything  in  common 
with  the  well-known  acquired  resistance  to  the  growth  of  transplantable 
tumours.  Fibiger  has  produced  experimental  tar-cancer  in  such 
resistant  animals,  and  the  development  of  spontaneous  mammary 
carcinoma  has  also  been  recorded  in  these  so-called  "  immunes.'"' 

The  nature  of  this  refractory  state  must  be  the  subject  of  further 
investigation.  The  rarity  of  multiple  malignant  new  growths  in  the 
same  individual  finds  a  rational  explanation  by  it.  Its  greatest  interest 
and  importance,  however,  lies  in  the  indication  it  gives  of  a  systemic 
constitutional  change  in  the  organism  in  which  cancer  has  developed, 
a  change  which,  if  it  could  be  recognised  with  certainty  and  rapiditv 
would  enable  us  to  recognise  cancer  in  its  earliest  stages,  and  could  we 
produce  it  without  initiating  new  growth,  would  place  in  our  hands  a 
rational  means  of  prevention. 
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PI.ATK  XXIV. 


F:o.  5  a.— Mouse  1714.    Kthur  extract  tuiiKiur. 


Fio.  ')  6. — Mouse  1714.    £tber-tar  tumour  nutoplast. 


Fio.  o  c. — Mouse  1714.  Ether-tar  tumour :  metastasis  in  axillary  iTinpli  node.  Flpa.  3,  4,  and  5 
show  that  now  growths  histologically  distinct  can  be  produced  in  the  same  animal,  the 
ditTerfuces  being  referable  to  liiilerences  in  the  irritant. 


»LATK  XXV. 


I'LATK  XXVI. 


i 


?    I  I 

£  I  I 

1  I  « 

2%  ■ 


I    I 

■4-      C      * 


U     u      (4 

•^  -ii  .••- 
»3  't  kl 


:» 


I 


J 

i 
o 


'I 


I    I   •« 
I      I    * 


I'    3-« 

II        \     I 


u 


.1        .: 

I      •  -I 


•>    I 


*•       I 


•     I 


I 

T 
it 

i 


•  I 


I 

•  I 

•  I 

1 1 

I 
1 1 

I 
1 1 

1 1 

1 

I  I 

I  I 

I  I 
I  I 


i 


I 
I 

I 
•  I 


III 


• 

I    o 
I 

I     o 

T 
i 


i 

Ok 


# 
I 


.   I 

T 
i 

M 

1 


I 


2   *< 

il 

b  s 


2   ~ 


>      w 

— •  5 

5  "2 

E  I  = 


"3   S> 

il 


s    s 


t 


[Eiffhth  ScietUi/tc  Jieport  of  the  Imperial  Cancer  Research  Fund,  1923.] 
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PART  I. 

THE  DERMATOSES  OF  THE  PARAFFIN  WORKERS 
OF  THE  SCOTTISH  SHALE  OIL  INDUSTRY. 

Intuodictouy. 

This  paiKT  is  hw^nA  on  the  oxiMTienct' of  over  t  wont v-four  year;**  con- 
tiuuGU.-^  practice  in  the  centre  of  the  Scotti?h  tSliule  Oil  Industry,  and 
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on  the  results  obtained  during  tlie  past  four  years  in  carrying  out 
routine  examinations  at  intervals  of  three  months  of  every  workman 
employed  in  the  Paraffin  Departments  of  the  various  Works  in  which 
the  refining  of  paraffin  is  carried  out. 

While  the  term  "  Paraffin  Workers'  Cancer "  has  become  a  classic 
one,  it  is  not  so  generally  known  outside  the  shale  area  of  the  Lothians 
that  those  employed  in  the  Paraffin  Departments  suffer  from  various 
well-defined  skin  lesions,  due  entirely  to  their  working  among  and 
handling  oily  paraffin  in  several  of  the  stages  of  the  process  of  refining. 
These  skin  conditions  can  be  truly  described  as "  Occupation  Derma- 
toses/' as  they  occur  in  approximately  fifty  per  cent,  of  the  workmen 
engaged  in  refining  ])aiaffin  ;  the  lesions  appear  in  a  few  weeks  or 
months  after  beginning  work  in  the  Paraffin  Departments,  and  persist 
to  a  greater  or  less  extent  throughout  the  length  of  employment  as 
paraffin  workers;  they  disappear  (at  least  the  less  chronic  types)  in  a 
short  time  after  ceasing  work  among  paraffin;  the  types  are  identically 
the  same  in  the  workmen  in  the  various  Oil  Works  in  which  the  process 
of  refining  paraffin  is  carried  out,  the  only  variation  being  in  the  extent 
of  the  eruptions,  due  to  variations  in  the  methods  of  working  in  the 
different  Works.  The  skin  lesions  invariably  conform  to  certain  well- 
defined  types,  they  are  most  marked  over  the  parts  of  the  body  exposed 
to  contact  with  the  paraffin  substances  which  the  workmen  have  to 
handle  in  the  course  of  their  employment. 

For  n)any  years,  approximately  two  hundred  men  have  been  employed 
in  the  Scottish  Oil  Industry  in  the  Paraffin  Departments  of  the  various 
Works,  and  the  skin  lesions  incidental  to  that  occupation  have  been 
uniformly  constant  in  type  and  frequency  throughout  a  period  of  fifty 
years.  Later,  full  details  will  be  given  as  to  the  various  conditions, 
their  frequency,  and  circumstances  which  tend  to  have  a  modifying 
influence  on  their  prevalence. 

Reference  numbers  in  parenthesis  refer  to  the  section  on  Bibliograph}', 
which  is  arranged  chronologically,  and  in  which  I  have  given  a  short 
synopsis  of  the  more  important  articles,  and  especially  those  in  con- 
nection with  the  Scottish  Oil  Industry. 

Occupation  Dermatoses, 

The  skin  lesions  due  to  contact  with  oily  paraffin  in  a  crude  or 
semi-refined  state  may  be  described  as  conforming  to  the  following  types, 
of  which  one  only  or  several  may  be  found  on  the  same  individual : — 
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1.  Occu|»ution  Ooiutiiluuufl. 

2.  Folliculitis  and  Follicular  Dermatitis. 
.'J.   Uonnatitis  Pustularis. 

4.  Dermatitis  Papiilari.s  (Erythema  Pa|)iilarej. 

5.  Erythema  Simplex. 

().   Dermatitis  Erythematosa. 

7.  Epithelioma  (Paratlin  Workers'  Cancer). 
These,  which  include  all  Forms  of  occupational  eruptions  met  with  in 
the  Scottish  Shale  Oil  Industry,  will  be  described  under  their  various 
heads. 

1.  Occupation  Comedones. 

Several  (l('rmatoloo;ist.s  have  noted  the  I'iict  that  workers  in  paraffin 
and  petroleum  n)ay  suH'er  from  comedones  associated  with  acne. 
When  occurring  in  tar  workers,  this  condition  has  been  described  as 
acne  picealis  *'"*.  The  comedones  occur  in  parts  exposed  to  contact 
with  paratHn  products,  especially  over  the  flexures  of  elbows,  |)osterior 
aspects  of  eli)0ws,  upper  aspects  of"  shouldor-juints,  and  occasionally 
over  the  knees.  Their  orij^in  is  purely  mechanical,  bein^  due  to 
obstruction  of  the  sebaceous  ducts  with  semi-solid  paraftin  subst^inces, 
or  to  thickenin;:;  of  the  superficial  layers  of  the  epidernWs,  causin;^ 
obstruction  of  ducts.  They  are  larger  than  the  comedones  met  with  under 
ortlinary  conditions,  more  closely  packed  together,  and  confined  to 
circumscribed  areas,  being  most  prevalent  on  the  anterior  aspects  of  tho 
bo<ly  and  limbs.  Tho  outer  hiyors  are  pigmented  and  hardened.  The 
comedones  are  easily  expressed,  but  if  left  unattended  are  apt  to  be  followed 
by  the  development  of  sebaceous  concretions  of  a  cystic  nature,  which 
are  most  connnonly  found  over  the  flexures  of  the  elbows.  There  is  not 
the  same  tendency  to  acne  formation,  as  undc"  ordinary  circumstances, 
possibly  because  the  materials  obstructin;;  the  ducts  are  sterile  and 
practicallyantiseptic,  and  it  is  only  after  they  havepersisted  for  len«(thened 
periods  that  any  tendency  towards  acne  formation  is  seen.  They 
are  not  got  in  the  usual  situations  in  whicli  the  ordinary  type  of 
comedones  is  met  with.  On  ceasing  work  among  paraffin  substances 
they  readily  disappear  if  regularly  expressed,  and  do  not  develop  further, 
while  they  are  apt  to  recur  on  resuming  work.  Their  presence  is  not 
associated  with  any  form  of  systemic  disturbance,  such  as  tlyspepsia, 
thus  differing  from  an  anomalous  ty|>o  described  by  Crocker  and 
Wetherill "%  occurring  mostly  on  the  forehead.  The  fact**  stateil  all 
point  to  this  condition  being  occupational  in  origin.    This  condition  has 


88 

been  noted  in  ten  instances,  or  about  five  per  cent,  of  the  workmen 
engaged  in  the  Paraffin  Departments. 

PL  XXVIl.  fig.  1  shows  comedoues  over  flexure  of  elbow. 

PI.  XXVIII.  fig.  2  shows  a  later  stage  where  comedones  are  accoiupaiiied  by  the 
formaliou  ot  numerous  sebaceous  cysts  in  the  same  situation. 

Heferences  : — 

(16)  Stelwagon:  *  Diseases  of  the  Skin,'  1907,  p.  975. 

(10)  Chocker  :  Lancet,  1888,  vol.  ii.  p.  813,  and  Wktheiull  :  Ibid.  1889,  p.  169, 
on  Symmetrically  Grouped  Comedones. 

2.  Folliculitis  —  Peri-foUiculitis — Follicular  Dermatitis. 

This  is  one  of  the  most  prevalent  forms  of  skin  lesion  occurring  among 
paraflin  workers,  and  though  of  little  imj)ort  must  be  included.  The 
condition  was  first  recorded  by  Ogston  in  1871 '-',  and  illustrations 
were  given  in  the  Edinburgh  Medical  Journal  of  that  year. 

Folliculitis  consists  of  destruction  of  the  hairs  and  hair  follicles  as 

the  result  of  a  mild  inflammatory  reaction  set  up  by  the  aclion  of  shale 

oils.    The  follicles  become  somewhat  dilated  and  are  filled  with  c})ithclial 

debris  and  dirt,  so  that  they  appear  as  closely  grouped  clusters  of  black 

})oints  over  the  parts  affected.     Occasionally  a   slight   peri-folliculitis 

occurs,  in  which  the  inflammatory  condition  extends  to  the  S'.irrounding 

skin,  which  becomes  slightly  raised  above  the  rest  of  the  skin  tissue, 

and  which  ultimately  becomes  somewhat  indurated  and  thickened.     The 

most  common  sites  are  the  backs  of  fingers  and  hands,  and  to  a  less 

degree  on  the  forearms,  the   legs  around   the    ankles,   and   the  dorsal 

as])ects  of  the  loes  and  feet,  especially  on  the  line  of  the  extensor  tendons 

of  the  toes.       There  is    never   any  lendency  towards    supi)uration    or 

sloughing,  the  condition  persisting  as  described  indefinitelv.     The  usual 

a})pearauce  of  dryness  of  the  hands^  with  clusters  of  black  ])oints  on  the 

backs  of  the  fingers  and  hands,  is  very  characteristic  among  j)araffin 

workers. 

Professors  G.  C.  Page  and  L.  D.  Bushnell  have  investigated  the 
bacteriology  of  some  oils,  and  suggest  the  name  "  Oil  Folliculitis  "  for 
some  of  the  skin  lesions.  They  conclude  that  "  the  most  serious  skin 
diseases  are  due  to  the  oil  acting  as  a  carrier  of  infectious  material. 
The  addition  of  germicides  has  not  given  satisfactory  results,  but  daily 
filtration  and  sterilization  of  oils  reduces  the  number  of  metallic 
particles  present  and  the  danger  of  bacterial  infection."  (Journal  of 
Industrial  Hygiene,  June  1921.) 
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PI.  XXIX.  tig.  3  sbows  the  condition  on  tbo  donuil  Mpect  of  the  hund. 
IM.  XXX.  tig.  4  allows  tbo  same  of  more  cbrouic  durnttun,  accumpauied  by  peri- 
folliculitis. 

lie/erem'es  : — 

(1?)  0{isTON,  Ai.KX.  :   I'idiiibiir^li  Mfdiral  Jouriiiil,  1^712,  \ol.  xvii.  p.  .VI4, 

(14)  HoiiKnTs,  L. :  Liverpool  Medico-Cliirurg'icHl  Journal,  18}>3,  vol.xiii.  p.  40, 

(P)  Schuchaukt:  Vidkinanu's  Samml.  Klin.  Vortriige,  1H85,  No.  '2'u,  p.  2:^12. 

(•11)  VxQV.,C  (J.  Hiul  HusiiNKLL,  L.  1). :  Journal  of  Industrial  Hygiene,  J unu  11)21. 

3.  Dermatitis  Pustular  is. 

A\  liile  tliis  is  not  a  vt'iy  pievaiont  conditiuii,  it.s  occurrence  a.s  tlie 
rosult  ot*  contjict  with  crude  or  senii-rtdined  }>araftin  has  heeii  noted. 
Two  types  have  been  observed  : — 

(a)  One  in  which  the  condition  is  characterised  by  the  a|>i>earance 
of  numerous  small  pustules  over  the  anterior  iisiiect  of  the 
body  and  limbs  ;  and 

{b)  One  in  which  the  pustular  eruption  is  due  to  the  breakin;^ 
down  of  the  typical  papulo,  which  is  the  most  prevalent  form 
.  of  occupational  eruitlion. 

(a)   Primary  Dermatitis  Pustular'is. 

A  widely  distributed  j»ustular  dermatitis  has  been  noted  amon^  youths 
be;{innin<;  work  in  the  paratlin  departments.  The  pustules  are  .small 
epidermic  elevations,  filled  with  pus,  distributed  over  the  body  and 
limbs,  on  their  anterior  aspects.  Each  pustule  is  surrnumied  liy  a  very 
slight — in  degree  and  area — infiamnuitory  areola.  This  condition 
appears  to  bo  due  to  contact  with  semi-refined  oily  paniflin,  which  sets 
up  an  acute  irritation  of  the  superficial  layers  of  the  e|iidermis  with  pu» 
formation.  The  channel  of  entrance  appears  to  be  by  the  hair  follicles, 
us  generally  a  hair  is  found  in  the  centre  of  each  pustule.  This  condition 
corresponds  with  that  described  by  some  writers  as  Follicular  Pustular 
Dermatitis.  It  is  most  probable  that,  apart  from  carcle.ssness  on  the 
part  of  the  youths  afiected  in  allowing  their  clothing  to  get  saturated 
with  oily  material,  there  is  an  idiosyncnisy  towards  the  action  ot  {Kirafiin 
in  some  oi  its  forms,  causing  one  individual  to  be  acutely  affected  while 
by  far  the  larger  proportion  escapes. 

Exceptionally,  this  condition  nuty  occur  among  those  handling  the 
final  i)roducts.  such  as  burning  oils.  I  have  seen  a  general  |>ustular 
dermatitis  over  the  whole  of  the  anterior  aspect   td   the  boily  in  a  boy 
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engaged  filling  barrels  with  burning  oil.  Pustular  Dermatitis  readily 
disappears  on  removing  the  individual  from  his  particular  form  of  work, 
or  on  taking  precautions  as  regards  uleanliness.  The  tops  of  the  pustules 
dry  and  are  shed  as  crusts,  without  further  return. 

(b)  Fapulo- Pustule. 

These  occur  as  small  pustular  elevations  on  the  sites  of  papules,  the 
suppuration  taking  place  at  the  a})ical  part  of  the  papule.  As  a  rule 
these  are  not  numerous,  and  are  usually  seen  in  conjunction  with  a 
papular  eruption.  They  are  not  surrounded  by  an  inflammatory  areola, 
and  are  due  to  the  breaking  down  of  papules,  either  from  a  staphylo- 
or  strepto-coccal  infection,  or  to  the  separation  oh*  a  small  necrotic  area 
from  the  centre  of  the  papule,  after  which  the  ])apulo-pustule  disappears. 
Pi.  XXXI.  fig.  5  shows  papulo-pustules  accompanying  papules. 

4.  Papular  Dermatitis — Erythema  Papulare. 

This  is  by  far  the  most  common  type  of  skin  lesion  met  with  among 
the  paraffin  workers  of  the  Scottish  Shale  Oil  Industrv,  between  forty 
and  fifty  per  cent,  of  the  workers  being  affected.  The  papules  are 
known  in  the  trade  as  "Paraffin  Plukes*,^^  and  are  most  typical  of  an 
occupation  condition  both  in  history  and  distribution. 

The  first  description  of  a  papular  eruption  occurring  among  oil- 
workers  was  given  by  Allen,  in  '  American  Journal  of  Medical  Science,^ 
1862  *'l  At  later  dates,  these  have  been  described  by  various  writers, 
Ogston,  1871  (2),  Volkmann,  1874  ^^\  Bell,  1876  <^  Kirk,  1903  ^^'-\  Prosser 
White,  1015  ^'^\  and  others.  For  a  synopsis  of  these  descriptions,  see 
the  section  on  Bibliography,  p.  105. 

Pajjular  Dermatitis  consists  of  an  erui)tion  of  snuill  rounded  elevations 
of  a  reddish  colour,  varying  in  size  from  that  of  a  small  peppercorn  to 
that  of  a  small  pea.  They  correspond  in  every  way  to  the  typical 
primary  lesion  described  as  a  [lapule,  being  solid,  superficial,  rounded  in 
shape,  and  containing  no  fluid.  As  a  rule,  the  tops  are  convex,  but 
occasionally  there  is  ap])arent  a  minute  central  depression,  from  which 
a  tiny  thread-like  core  can  be  expressed  or  removed,  and  which  corre- 
si)onds  to  a  necrosed  liair  follicle  or  sebaceous  duct.  Several  of  the 
l)lates  illustrating  papular  conditions  in  the  less  advanced  stages  show 
the  umbilicated  sippearance  of  the  tops  of  the  papules. 

*  Anylice  pimples. 


I  Uiiw  M'fii  in  ii  vtn'v  tew  iii-iiiiiir>  miiuII,  suit  ituiMilc*  witli  liny 
horny  excrusceiice!*  on  top,  givin^^  tlio  u|>pearaiii'«»  of  diininntive 
cuUinoous  lioriis,  such  being  sitnutod  un  the  Hcrotuni.  PI.  XXXI \'. 
fig.  b  sliowing  a  Hat  iiapule  on  the  scrotum,  also  shows  a  tiny  papnh*  of 
this  (Icscri|)ti<Mi,  Imt  fliis.  on  accoiuit  of  if>  vcrv  small  size,  is  not  «.'a>ily 
illu.strat(Mi. 

The  I'litrancc  of  irritant  to  the  supertioial  layers  of  the  skin  appears  to 
l)(5  most  connnonly  through  the  sebaceous  «lucts,  but  very  frequently  the 
hair  follicles  are  involved,  in  which  case  they  occupy  the  central 
position  in  a  papule.  The  workmen  affected  try  to  pick  out  or  expres«s 
this  central  core,  after  which  tin*  ))apule  lu'als.  There  is,  as  a  rule,  no 
iniiannmitory  areola  around  the  typical  papule.  The  papidar  eruption 
differs  from  other  lichenoid  eruptions,  in  that  there  is  no  itching  or 
irritation,  the  jtapules  do  not  tend  to  coalesc*',  and  as  a  ruh*  heal  sjkju- 
tanuously.  Ogston '-'  stated  that  chronic  subjects  suffered  from  slee|>- 
lessness,  loss  of  weight,  foul  tongue,  and  other  constitutional  disturbance?, 
due  to  the  irritation  and  pain  of  the  skin,  but  pn'sent  tlay  exj>erience 
differs  from  this  ilescription,  as  the  eruptions  cause  no  inconvenience 
from  irritation  and  itching,  and  I  have  never  seen  nuirks  of  scratching 
over  the  affected  parts,  while  there  is  certainly  no  systemic  disturbance. 
It  has  been  fre<juently  noted  during  the  routine  examinations  of  the 
workmen  that  the  sites  of  papules  vary  from  time  to  time,  and  that 
between  the  examinations  some  have  healed  anil  others  have  ap{)eared 
in  different  situations.  The  papules  may  be  present  singly  or  in  two's 
or  lliree's  (1*1.  XXXI.  tig.  .'))  or  in  larger  nundiers  until  there  n)ay  be  a 
diffu««e  eruption  of  discrete  papules  (PI.  XXX II.  fig.  0).  As  alreaily 
stated,  between  forty  and  H(ty  per  cent,  of  the  workmen  are  affectetl 
with  this  type  of  eruption,  and  brieH}  at  this  stage  it  may  be  said  that  of 
those  affected  approxinuitely  fifty  |)er  cent,  show  not  more  than  three 
or  four  jiapules,  forty-five  i>er  cent,  have  a  limited  extent  of  eru|ition 
contined  to  a  small  area,  and  five  per  cent,  have  a  diff'tise  eruption.  (Full 
details  nntl  figures  will  be  given  under  description  ot  routine  exami- 
nations.) The  distribution  of  the  papular  eruption  is  very  typical.  In 
the  great  majority  of  cases  it  is  confined  to  the  forearms,  and,  as  a  rule, 
is  most  pronounced  over  the  ulnar  as]»ects,  though  it  is  also  prevalent 
over  the  anterior  and  posterior  aspects,  around  the  wrists  and  on  the 
backs  of  the  hands.  Less  frequently  a  few  papules  are  present  on  the 
shoulders,  legs  and  dors;d  aspects  of  feet.  In  old-standing  cases  they  are 
seen  over  the  lower  thirds  of  the  arms  and  around  the  elbow  joints,  and 
occasionally  on  the  anterior  as)>ects  of  the  Inxly,  thighs,  and  on  the  face 
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and  neck.  The  palms  of  the  hands  and  soles  of  the  feet  are  never 
affected.  AiJproximately  seventy-five  per  cent,  of  those  affected  have  the 
eruption  on  hands  and  arms  only,  twenty  per  cent,  have  both  arms  and 
legs  affected,  and  about  five  per  cent,  have  some  eruption  on  the  body,  as 
w^ell  as  on  either  the  arms  or  legs.  The  most  typical  position  in  which 
the  papular  eruption  is  found  is  over  the  ulnar  aspect  of  forearms,  this 
being  the  part  most  in  contact  with  the  paraffin  in  its  semi-refined  state. 
(The  method  of  working  is  illustrated  later.) 

On  several  occasions  I  have  seen  papules  on  the  scrotum  (PI.  XXXI V. 
fig.  8).  The  earliest  a])pearance  of  papules  after  men  begin  work  in 
the  Paraffin  Sheds  occurs  in  from  ten  to  twelve  days,  and  they  nniy  piu'sist 
throughout  the  duration  of  employment  They  disappear  a  few  weeks 
after  ceasing  work  among  the  semi-refined  })araffin.  Pis.  XXXI.  and 
XXXII.  figs.  5  and  G  show  the  typical  eruption  on  the  ulnar  aspects  of 
forearms,  PI.  XXXIII.  fig.  7  shows  eruption  on  the  ulnar  aspect  of  the 
elbow,  and  PI.  XXX.  fig.  4  shows  a  papular  eruption  on  the  legs. 

Occasionally  in  old-standing  cases  the  })a})ules  instead  of  healing 
assume  a  warty  appearance,  due  to  proliferation  of  the  superficial  layers 
of  the  epidermis,  and  to  growth  of  connective  tissue  cells,  forming  scaly 
warts,  at  first  soft,  but  gradually  becoming  harder  and  more  indurated, 
with  a  covering  of  dry  scales  which  are  readily  detached.  This  warty 
appearance  is  of  a  permanent  nature.  (Illustrated  by  Pis.  XXXV.-XL. 
figs.  9-14). 

In  the  most  chronic  types  of  this  condition  of  warty  pa{)ule,  there  is 
occasionally  a  tendency  to  increase  in  size,  accompanied  by  the 
formation  of  a  central  necrotic  area,  which  may  separate  and  be 
followed  ultimately  by  the  disa|)pearauce  of  the  warty  growth,  with 
atrophy  of  the  skin  tissue  and  the  formation  of  a  scar  This  condition 
is  well  illustrated  by  Pis.  XXXVII.-XL.  figs.  11-14.  These  more 
chronic  types  are,  as  a  rule,  associated  with  an  old  standing  induration 
of  the  skin,  due  to  chronic  erythematous  dermatitis.  At  a  still  more 
advanced  stage  of  the  condition  described,  the  warty  papule,  instead  of 
disappearing,  grows  until  it  assumes  the  characters  of  an  epitheliomatons 
growth,  with  the  usual  clinical  and  pathological  features  of  that  condition. 
Pis.  XLI.  and  XLII.  figs.  15  and  16  sho^v  large  warty  growths  with 
central  necrotic  areas  in  what  might  be  termed  the  stage  preceding 
malignancy. 

Recently  there  have  been  brought  to  the  writer's  notice  several 
instiinces  of  the  occurrence  of  a  i)apular  dermatitis  among  workers 
in  factories  using  low  grade  or  unrefined  lubricating  oils  produced  from 
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oil  slmlo  and  used  for  liihricntin;;  piirposos.  In  thoso  in^tinncoM  the 
iirms  of  tlio  workers  como  closely  into  contact  with  the  Itihricating  oilii, 
the  resulting  dnrnuititis  bein^  of  the  papular  type  aH  described  in  the 
foregoin<r  paragraphs. 

')    Erythema  Simplex. 

Tills  consists  of  a  mild  liypnaMiiia  in  wliicli  the  redness  is  «listtil»uted 
unil'onnly  ovcm*  the  parts  aH'ecte<!.  The  first  appearance  is  a  slight 
blush,  folioweil  by  a  <(reater  degree  of  redness,  which  in  the  early 
stages  disapp(Mirs  on  |)ressure  to  n^-appear  wIumi  pressure  is  withdrawn. 
This  hypeiRMnia  is  abnost  always  limited  to  the  forearms,  which  show  a 
generalised  redness,  there  being  no  "patchiness"  in  its  api>earance. 
In  exceptional  instances  a  slight  degre*'  has  been  seen  on  the  feet. 
Associated  with  tiie  increase  in  colour  is  a  marked  dryness  of  tin*  skin 
(PI.  XLV.  fig.  19).  In  the  later  stages  there  is  a  tendency  for  the 
erytliema  to  become  slightly  pur|)lish  and  to  remain  purple  on  pressure, 
the  pigmentation  of  the  skin  being  permanent.  This  condition  may 
|)ersist  for  years  without  alteration.  In  addition,  there  is  a  .scaliness  of 
the  arms,  in  which  the  sup<nficial  cells  of  the  epidermis  are  readily  rubl)ed 
off  in  fiire  scales.  TluTe  is  frequently  seen  a  shiny  or  lustrous  condition 
of  the  skill,  giving  the  arms  a  polished  appearance.  There  is  never  at 
any  time  any  tendency  to  nioistness  or  exudation,  and  seldom  are  there 
any  subjective  symptoms,  such  as  itching  or  irritation  along  with  the 
erythema.  This  type  of  lesion  fret|uently  exists  alone  without  the 
presence  of  other  form  of  occupation  eruption,  and  is  somewhat  preva- 
b>nt  among  the  paraffin  workers.  In  itself  it  is  of  little  importance, 
other  than  that  it  nuiy  gradually,  over  the  course  of  years,  develop  into 
a  dermatitis  erythematosa.  A  uuirked  thinning  of  the  8ul)CUtaneous 
layer  of  adipose  tissue,  especially  over  the  forearnis,  has  been  observed 
after  the  p<»rsistence  of  erythema  for  a  long  period. 

The  condition  has  been  seen  among  workers  with  the  final  products 
of  distillation  of  shale,  such  as  burning  oils,  refined  wax,  p<»trol,  etc., 
but  more  t'omujonly  these  men  show  dryness  of  the  arms,  with  very 
little  reddening  or  erythema.  A  petrol  dermatitis  has  been  descrilKnl, 
similar  to  burns  of  the  first  and  second  degrees,  with  vesication,  etc. 
Page,rf.  IV,  Surgeon  H.X.     *  Practitioner,'  1918,  vol.  100,  jKige  4r)P»>. 

PI.  XLV.  fig.  19  shows  the  shiny  appearance  of  the  skin  referred  to 
above.  In  one  instanct^  only,  both  forearms  showed  numerous  circular 
patches  of  hypen'vnn'a,  of  a  purplish  re<l  colour,  varying  in  size  from  a 
sixpenny  pi f.>fb;U  of  :i  <liilliiiii.     TImtc  \v:i<  jjo  induration  or  exudation, 
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the  patches  were  quite  discrete  with  no  tendency  to  coalesce.  The  ledness 
did  not  fully  disappear  on  pressure,  there  being  slight  permanent 
pigmentation.  The  condition  was  unaccompanied  by  constitutional 
symptoms,  and  no  history  of  any  condition  to  which  it  might  be 
attributed  was  got.  Being  the  onl}-  case  of  its  kind  seen,  and  varying 
so  much  from  the  typical  occupational  erythema,  I  do  not  consider  that 
this  can  bo  included  as  an  erythema  of  occupational  character. 

6.  Dermatitis  Erythematosa. 

This  is  essentially  a  dermatitis  venenata  of  a  sub-acute  or  chronic 
type,  due  to  the  irritant  action  of  semi-refined  paraffin  on  the  tissues  of 
the  skin  over  a  lengthened  period,  for  years  in  practically  every  instance. 
It  represents  a  further  extension  of  erythema,  in  which  the  congestion 
gradually  merges  into  a  chronic  inflammation  of  the  various  layers  of 
the  epidermis  and  cutis  vera,  followed  by  induration,  and,  in  the  most 
advanced  stages,  by  partial  or  complete  destruction  of  small  areas  of  the 
skin  in  the  affected  parts.  The  early  appearances  are  first  seen  on 
workmen  after  continuous  contact  with  paraffin  substances  for  seven  or 
eight  years.  The  indurative  stages  become  more  pronounced  as  the 
periods  of  employment  get  longer. 

In  the  first  stages,  the  lesion  consists  of  dull  red  erythematous 
patches  distributed  irregularly  over  the  anterior  aspects  of  the  forearms, 
either  broadly  linear  or  roughly  circular  in  shape,  and  described  by 
Ogston  as  a  honeycombed  appearance  of  skin  '^*.  They  are  slightly 
raised  above  the  surfac(^  of  the  skin,  are  very  dry  and  somewhat 
scaly.  At  first  the  condition  is  limited  to  small  areas,  after  a  time 
involving  larger  areas,  the  whole  surface  of  the  forearms  being 
frequently  affected  (PL  XLVI.  fig.  20).  Associated  with  this  erythe- 
matous condition  there  is  usually  pigmentation  occurring  in  small 
patches  over  the  parts  involved. 

This  erythematous  stage  may  persist  for  long  periods  without  fui'ther 
change,  or  healing  may  take  place,  the  redness  disappearing,  being 
replaced  by  some  induration  of  the  superficial  layers  of  the  skin,  with  a 
characteristic  dry  scaliness  which  is  practically  permanent. 

Frequently  the  erythematous  dermatitis  progresses  so  that  the  deeper 
layers  of  the  skin  are  infiltrated,  and  as  the  inflammatory  process  subsides, 
small  patches  of  atrophied  skin,  white  in  colour,  appear,  or  there  may 
be  scar  formation,  according  to  the  depth  of  the  inflammatory  changes. 

There  is  frequently  a  tendency  to  the  formation  of  small  flat  scaly 
warts,  usually  oval  or  circular  in  shape.     In  advanced  cases,  the  whole 
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surfnco  of  tlio  foronrin  apponrs  iiultirntod,  hard,  niul  thickoncd,  giving  a 
tannoil  lojitlH'ry  appoarancc.     (iM.  XXXVIII.  fig.  12.) 

In  soiiH*  iiistaiUTS  tln'  scaly  warts  liavc  hecii  ohscrviMJ  to  j*how  signs 
of  prolilcration  of  tin' «'pitli«'liiil  Inyns  Nvitli  inon'  rapid  growth.  Tlii** 
fondition  has  Imm'h  descrilM'd  l»y  Volkniann''*,  Ball***,  Schueliardt ''\ 
ll<i(liiiu;sfrM  ("',  :iiid  otln'r.-*,  suminarirs  of  iloscriptions  lM«ing  given 
in  the  liil)liography  Scrtion. 

These  scaly  warty  nodules  are  very  typical  of  old-standing  dermatiti>» 
due  to  oc<'Upati«)n,  and  must  not  he  confused  with  ordinary  simple 
callosities  and  papilloniata  which  are  sonielinies  seiMi  on  the  hands  of 
workmen,  and  which  are  common  among  ploughmen,  hricklayers,  etc. 
When  occurring  among  paraffin  shed  workmen,  these,  if  injured  liy 
ahrasion  or  mechanical  damage,  are  apt  to  hecome  irritated  and  inidergo 
excessive  i'pithclial  proliferation,  with  snhsequ«'nt  growth  in  size. 

The  advanced  condition  of  dermatitis  may  persist  for  many  years  or 
for  a  Iif<'tinn'  with  i)ermanent  roughness  and  wartiness  of  skin  and  a 
chronic  des(jiiamative  process  going  on. 

A  very  im|)ortant  feature  of  chronic  paraffin  dermatitis,  once  the 
*' Warty  Stage 'Mias  l»een  reache<l,  is  that  the  tendency  towanls  th<* 
formation  of  epithelial  hyperplasias  may  continue  long  after  workmen 
hav<»  Ix'en  removed  from  contact  with  paraffin  irritants.  It  wonld 
appear  that,  after  the  proliferativ<'  stage  has  hegun,  or  after  the  initial 
changes  have  taken  place  in  the  superficial  tissue*,  suhsequent  contact 
with  tlu'  irritant  is  not  necessary  for  tin-  persistence  of  the  tendency 
towards  epithelial  pn)Hferation,  which  nuiy  ind<H'd  lake  place  to  such 
an  <'xtent  that  ultimately  epitheliomata  may  deveh)|)  long  after  tlie  work- 
men have  ceased  to  work  in  the  paraffin  ilepartujents.  I  have  had 
many  opportunities  of  verifying  this  fact  in  the  past,  either  through 
(1)  permanent  incapacity  for  work  through  injury  or  illness,  (2)  pro- 
longed periods  of  unemployment,  ('A)  the  suhsequent  progress  of 
workmen  affected  after  their  removal  from  contact  with  crude  or  semi- 
rcHiu'd  paraffin  on  account  of  extensive  dermatitis  or  contlitions 
suggestive  of  future  malignancy.  A  few  cases  may  Im»  given  to 
illustrate  the  |M)int,  whicii  is  of  considerahle  im)>ortance,  lioth  as  regards 
prognosis  and  th<»  njedic<»-legal  aspect. 

C</.v<'  1.  A  stillman  (oil  lM)iIer  man)  \v;i>  permanently  inca]>acitateil 
by  an  injury  sonu'  fifteen  years  ago.  Prior  to  his  disihlement,  he  had 
a  chronic  dermatitis  of  the  face  due  to  paraffin.  This  has  |>ersisted 
since  his  injury  up  to  the  present  time,  and  on  three  occasions  since 
ceasing  work  epitheliomata  have  hecn  rcnoved  from  his  face,  the  first 
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occurring  several  3'^ears  after  his  incapacity  began,  the  last  about  one 
year  ao-o  ;  several  years  have  elapsed  between  each  occurrence.  This 
man  is  nov^^  76  years  of  age. 

Case  2.  Paraffin  worker,  age  69  years,  24  years'  service  in  paraffin 
departments,  has  had  chronic  indurated  dermatitis  with  epithelial 
hyperplasias  and  w'artiness  of  the  hands  and  arms  for  many  years. 
Nothing  suggestive  of  malignancy  was  apparent  at  the  date  of  his  ceasing 
work  two  years  ago.  Since  then  he  has  developed  an  epithelioma  of  the 
forearm  (18  months  ago)  and  an  epithelioma  of  the  scrotum  within  the 
last  few  months.     (See  PL  LIII.  fig.  27.) 

Case  3.  Paraffin  worker,  74  years  of  age,  removed  from  paraffin 
departments  after  excision  of  an  epithelioma  from  the  face  about  tern  years 
ago,  following  a  chronic  dermatitis.  The  dermatitis  and  wartiness  of 
the  face  have  remained  since  then ;  an  epithelioma  was  removed  from 
the  face  about  four  years  ago,  and  within  the  last  year  a  similar 
condition  developed  on  one  foot.  Recently  the  clavicular  glands  on 
the  same  side  as  that  from  which  the  epithelioma  of  the  face  was  removed, 
have  become  infected. 

In  none  of  these  cases  were  the  growths  metastatic  conditions,  each 
being  primary  as  far  as  the  clinical  investigations  indicated.  The  cases 
are  illustrative  of  the  tendency  for  hyperplasias  to  persist  and  for 
cancer  to  develop  after  removal  from  contact  with  the  irritant.  In 
view  of  this  feature  it  has  been  my  custom  for  several  years  to  continue 
to  keep  under  observation,  at  regular  intervals,  men  who  have  been 
removed  from  contact  with  paraffin  on  account  of  dermatitis  or  con- 
ditions suggestive  of  possible  future  malignancy. 

This  feature  is  in  conformity  with,  and  has  been  substantiated  by, 
Dr.  licitch  of  The  Cancer  Hospital  Research  Institute,  after  a  compre- 
hensive set  of  experiments  on  mice  with  tar  and  paraffin  substances 
(B.M.  J.,  Dec.  9th,  1922,  page  1101)  'I 

Chronic  dermatitis  as  described  above  usually  co-exists  with  old- 
standing  papular  dermatitis,  in  which  Ihe  papules  are  of  the  indurated 
type,  being  hard  and  scaly,  i.  e.  in  an  advanced  stage,  the  forearms 
show  ])iginented  patches,  small  white  areas  of  partially  atrophied  skin, 
scars,  scaly  warts,  and  indurated  papules.  This  is  well  illustrated  by 
Pis.  XLVII.-L.  figs.  21-24. 

The  distril)ution  of  erythematous  dermatitis  is  confined  solely  to  parts 
in  contact  with  paraffin  substances.  The  forearms  principally  are 
affected,  either  over  the  ulnar  aspects  or  generally. 

In  advanced  cases  the  lower  thirds  or  halves  of  the  arms  are  usually 
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nUo  affoct(Ml.  Occaj'ionally  tJic  dorsa  of  the  fei't  n\\o\\  tin*  con«litioii  to  a 
slight  (l<«;i[rtM»,  l)ut  tlicrc  lias  not  Imh'U  scon  tlio  saino  amount  of  in- 
duration, the  foet  \mnfi  bc^tter  protected.  Occasionally  chronic 
dermatitis  with  warty  formations  is  seen  on  the  face,  tho(i;;h  this  is  not 
nearly  so  prevalent  us  in  the  early  days  of  the  industry.  Such 
conditions  are  now  only  met  with  in  tiiis  situation  among  the  ohler 
workm«>n  who  have  been  emj)loyed  in  the  paratfin  departments  for 
many  years.  The  palms  of  t\w  hands  may  show  a  slight  tendency  to 
exfoliation  of  the  epidermis  which  has  become  thickened  juhI  fissured 
as  a  result  of  the  dermatitis. 

The  erythematous  d«»rniatitis  of  parafhn  workers  dithers  from  other 
forms  of  dermatitis  venenata,  in  that  ther<?  is  never  any  tendency 
towards  nmistness  of  tiie  surface.  There  is  never  the  vesiculation  or  any 
forniation  of  i)nlla?,  the  general  t<'nd(MU'V  being  to  assume  a  chronic 
cour><'  ami  induration  is  of  frecjuent  occurrence.  Dryness  of  the 
affected  parts  is  a  feature  of  pnniffin  workers'  dermatitis,  bat  an 
occasional  slight  excoriation  of  scar  tissue,  from  injury  or  climatic 
conditions,  may  be  seen. 

Whihi  a  considerable  j)roportion  of  the  older  workmen  show  evidence 
of  healed  or  old  standing  d(>rmatitis,  the  condition  has  InHJome  less 
evident  and  is  |)ractically  confined  to  those  who  have  been  (MirafHn 
workers  for  y«".irs,  the  recent  employees  b«*ing  more  free  from  this 
tyj)e  of  skin  lesion. 

7.  Epithelioma  (ParaflRn  Workers'  Cancer). 

Epithelioma,  occurring  among  tar  and  paraffin  workers,  was  first 
described  by  Volknmnn'^*  (1874)  and  at  later  dates  by  others,  while  cases 
from  Scottish  Oil  Works  were  shown  as  ea'-ly  as  1879,  and  subse- 
quently.    (See  detiiiled  list  in  Bibliography  Section.) 

Epithelioniata  as  seen  among  the  paraffin  workers  of  the  Scottish  Oil 
Industry  may  be  defined  as  epithelial  growths  followed  by  ulceration 
and  necrosis  of  tissue,  having  their  origin  in  the  epithelial  layers  of  warls 
or  papules.  This  condition  occurs  in  workmen  about  or  over  middle  life, 
who  have  been  parattin  workers  for  long  |KMiods — twenty  years  or  more. 
They  usually  arise  from  warts  due  to  chronic  dermatitis  or  the  indurated 
papules  already  described,  and  therefore  usually  co-exist  with  an 
advanced  dermatitis  erythematosa  in  which  wartiness  is  a  prominent 
feature,  or  with  indurated  papules  of  a  simple  nature.  The  usual 
appearance  is  that  of  a  gradually  growing  epithelioma  in  the  midst  of  a 
chronic  induratetl  dermatitis  with  numerous  simple  warts  or  indunited 
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warty  papulef<,  only  oik*  of  wliich  has  bocoine  malignant.  1  have  seldom 
seen  more  than  one  epithelioma  at  one  time  on  the  same  individual, 
though  it  is  not  uncommon  for  the  same  workman  to  have  different 
growths  at  various  times  over  a  period  of  years.  The  warts  or  i)apules 
from  which  this  condition  arises  have  as  a  rule  been  present  for  many 
years  in  a  benign  form  until  the  epithelial  covering  begins  to  proliferate 
more  rapidly,  with  increasing  growth  of  the  primary  lesion,  until  the 
characters  of  malignancy  develop.  These  epitheliomata  are  only  met 
with  on  those  who  have  been  paraflfin  workers  (or  oilworkers)  for  many 
years,  and  indeed  those  which  I  have  seen  have  occurred  after  twenty 
or  more  years  of  work  among  paraffin  materials,  the  majority  being 
seen  after  between  25  and  30  years  of  such  service. 

In  the  early  stages  of  the  degeneration,  the  naked  eye  appearances 
vary  according  to  the  primary  condition,  so  a  short  outline  of  the 
development  from  a  wart  and  a  papule  may  conveniently  be  described. 

(A)  Arising  from  a  scaly  wart.  In  the  benign  condition  the  wart  is 
somewhat  oval  or  circular,  about  the  size  of  a  sixpence.  It  is  covered 
by  small  scales  which  are  readily  removable  leaving  a  somewhat 
indurated  base.  The  wart  does  not  protrude  to  any  extent  above  the 
level  of  the  surrounding  epidermis.  As  the  epithelium  proliferates, 
the  wart  increases  in  area  and  also  becomes  more  raised  above  the 
level  of  the  surrounding  skin,  until  it  gradually  assumes  the  size  of 
half-a-crown  in  area,  raised  about  a  quarter  of  an  inch  or  more  above  the 
surface,  and  covered  with  thick  horny  scales.  On  reaching  this  size 
there  is  a  tendency  to  the  formation  of  fissures,  or  abrasions  of  the 
surface,  from  which  a  serous  fluid  exudes,  causing  crusting  of  the 
surface.  The  crusts  are  readily  removed  by  any  slight  injury,  but 
re-form.  This  appearance  persists  for  some  months,  the  area  gradually 
increasing  until  the  incrustation  and  warty  covering  of  the  growth 
eventually  slough  and  disappear,  leaving  a  superficial  ulcer,  from  which 
sero-sanguineous  fluid  exudes.  Subsequent  growth  of  the  ulcer  in  depth 
and  size  takes  place  slowly.     (Pis.  XLIII.  and  XLIV.  figs.  17  and  18.) 

(B)  Arising  from  a  papule.  An  indurated  papule  has  been  already 
described  as  occurring  in  long-standing  erythematous  dermatitis.  The 
papule  as  a  rule  persists  in  this  benign  form  for  many  years.  A  central 
necrotic  area  may  form,  accompanied  by  the  gradual  growth  of  the 
primary  lesion.  As  the  papule  grows  in  size,  the  necrotic  area  may 
separate,  followed  by  the  healing  of  the  papule.  On  the  other  hand, 
after  separation  of  the  slough,  it  may  grow  until  it  assumes  much 
larger  proportions  than  formerly,  the  growth  having  a  central  ulcer, 
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siirrotindoil  hy  indiiratnd  od^^es.  Tin*  ;;r(»wtli  of  the  nlcor  oxt«»nJ8  [terU 
piK'ially  and  also  in  «l(ipth,  tho  oilgos  lioinnj  indurated  and  undorminod, 
until  all  trace  of  ('lovation  of  tissue  above  t.Ii(>  h'vel  of  the  surrounding 
skin  disappears,  so  that  a  lar^o  open  ulcer  is  forniod  with  a  base  of  red 
an^jrv-lookin;;  ^granulation  tissue,  bleeding  pn>fusely  on  tlie  slightest 
toueh.  This  condition  is  illustrated  by  PI.  LI.  fig.  25.  Pis.  XLI. 
and  XLIII.  figs.  15  and  17  show  what  might  I)e  termed  clinically  the 
transition  stage  from  a  simple  to  a  malignant  condition.  PI.  Xrilll, 
fig.  17  shows  a  large  central  horny  slough  and  the  formation  of  an  ulcer 
tending  to  spread  rapidly,  and  therefore  to  all  clinical  aj)pearances  an 
early  malignant  condition. 

When  the  growth  is  situated  on  tlie  scrotum,  there  is  as  a  rule  in  the 
ulcerative  stages,  an  overgrowth  of  epithelial  tissue  forming  large 
masses  protruding  above  the  surrounding  surface,  giving  the  ajjpearance 
of  a  cauliflower  excrescence,  and  being  very  vascular,  bleeding  pro- 
fusely. Ultimately  the  lymphatic  glands  are  involved  in  this  excre- 
scence, so  that  in  the  latest  stages  the  whole  inguinal  region  is  invaded 
by  a  large  ulcerating  cauliflower-like  mass.  Pis.  LIII.  and  LV.  figs. 
27  and  21>  *<h()w  «'pitheliomata  of  the  scrotum  in  early  and  in  advanced 
stages.  PI.  LIV.  fig.  '2i^  .shows  an  epithelioma  of  the  forearm,  a  later 
stage  of  the  case  illustrated  in  PI.  XLVII.  fig.  21. 

Clinically,  the  epitheliomatous  growth,  as  occurring  in  the  Scottish 
Oil  Trade,  ditfers  in  no  respect  from  that  generally  described  in  text- 
books, while  microscopically  it  shows  the  same  proliferation  of  epithelial 
cells  forming  cell-nests,  with  infiltration  of  the  surrounding  and  deeper 
structures. 

The  malignancy  for  a  long  time  is  not  great,  a  feature  which  was 
noted  by  Longmuir  in  1883'"*  in  describing  the  occurrence  of 
epitheliomata  among  oil  workers  in  the  pioneer  oil  work  of  the  Scottish 
Shale  Oil  Industry.  The  lymphatic  glands  do  not  become  involved  till 
a  late  stage,  but  this  varies  according  to  the  situation,  the  glands  being 
involved  earlier  when  the  lesion  is  situatful  on  the  scrotum  than  when 
the  site  is  on  the  arm  or  forearm.  I  have  seen  occasionally  quite  ad- 
vanced tujuours  and  ulcers  removed  without  recurrence,  though  .some- 
times amputation  of  a  limb  has  been  necessary,  the  after  effects  being 
satisfactory.  In  castvs  terminating  fatally,  death  is  as  a  rule  due  to 
extensive  ulceration  with  exhaustion,  rather  than  to  meta.stases.  I  have 
known  very  extensive  ulceration  of  the  .scrotum  and  inguinal  glands, 
ending  in  death,  unaccompanied  by  any  gross  secondary  lesion  as  far  as 
clinical    investigaticm    or   svmptoms   intUcatetl.      The    most    common 
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situations  are  on  the  back  of  the  hands,  lower  third  o£  forearm,  and 
scrotum.  It  has  been  seen  on  the  face  at  the  outer  and  inner  angles  of 
the  eyelids,  the  features  of  rodent  nicer  being  sometimes  assumed, 
as  illustrated  by  PL  LI  I.  fig.  26. 

A  point  of  importance  in  connection  with  the  occurrence  of  paraffin 
workers'  epithelioma  is  that,  while  the  various  forms  of  dermatitis  and 
other  skin  lesions  described  inider  headings  1  to  5  are  only  got  among 
the  actual  workers  in  or  about  the  paraffin  departments  (Crude  or 
Refining  Departments)  cases  of  epithelioma  have  in  the  past  been  more 
prevalent  among  workmen  in  other  parts  of  the  various  oil  works,  and 
under  conditions  in  which  there  is  not  necessarily  prolonged  contact  with 
or  handling  of  oil,  in  any  of  the  stages  from  the  crude  to  the  semi- 
refined  and  ultimate  products. 

It  has  occurred  in  retortmen,  labourers,  and  stillmen,  none  of  whom 
are  so  intimately  in  contact  with  the  products  of  shale  in  its  various 
stages  of  distillation  and  refinement  as  those  who  are  actually  engaged 
in  the  paraffin  departments.  These  men  form  a  large  group,  approxi- 
mately five  thousand  in  number,  quite  distinct  from  the  smaller  grouj) 
of  paraffin  -workers. 

In  these  men  the  epitheliomatous  growth  does  not  arise  from  a 
previously  existing  condition  due  to  the  action  of  paraffin,  such  as  a 
papule  or  wart  as  already  descril)ed,  but  generally  begins  as  a  reddish 
pea-shaped  nodule,  in  which  the  typical  "  cell-nests "  are  present 
practically  from  the  onset,  or  on  the  site  of  an  ordinary  simple  papillo- 
matous wart  or  mole,  or  smnll  cyst,  found  frequently  on  the  scrotum 
under  ordinary  conditions,  apart  from  any  occupational  cause,  but  in 
the  great  majority  of  cases  the  growth  is  a  primary  lesion.     (PI.  XLIV. 

fig.  18.)  _ 

There  is  the  usual  epithelial  proliferation  accompanied  later  by  the 
degenerative  changes  associated  with  an  epitheliomatous  growth.  The 
primary  lesion  increases  in  size,  followed  by  the  usual  incrustation, 
Assuring,  and  ultimate  breaking  down  of  the  growth,  thus  forming  an 
ulcer.  This  ulcer  gradually  increases  in  size,  shows  indurated  and 
undermined  edges,  and  discharges  a  sero-sanguineous  fluid.  Ultimately 
the  lymphatic  glands  are  involved.  The  subsequent  progress  differs  in 
no  way  from  that  of  a  typical  epithelioma,  the  clinical  and  pathological 
appearances  of  which  are  well  known.  The  epitheliomata  which  occur 
in  oil  workers  and  labourers,  as  distinguished  from  paraffin  workers, 
without  any  primary  condition  of  dermatitis,  are,  as  a  rule,  found  among 
these  men,  such  as  retortmen,  labourers,  and  stillmen,  who  come  into 
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coiitju't  with  ;i.sli,  tokc  <lu>t,  i»r  otlicr  ^tritty  material.  Tlitr  Kcrutuiii  ii 
most  fVeqiuMitly  t\w  site  of  such  lesions,  this  bein^  duo  to  the  difBcnlty 
of  ensuriu<5  cleanliness  of  this  region. 

The  terms  "  PurafKn  Workers'  Cancer "  and  "  Paraffin  Workers' 
£|>ithelioma  "  have  for  a  considerable  time  been  used  in  a  nuich  wider 
sense  than  at  first,  wlien  the  condition  was  descriled  as  due  to 
contact  with  paraffin  substances.  At  the  present  time  it  is  a[>plicd  to 
all  forms  of  cancer  arising  in  connection  with  occupational  conditions, 
and  a  more  applicable  description  would  bo  "  Occujiational  Cancer." 

Til  t^xamiiiing  the  records  of  Edinburgh  Royal  Infirinary  for  the  past 
twenty-two  years,  numerous  cases  have  l»een  recorded  as  paraffin  cancer 
among  railway  workers,  dock  labourers,  masons,  chimney  sweeps, 
glassmakcrs,  enginemen,  etc.,  in  none  of  whom  was  the  condition  likely 
to  have  been  due  to  jiarattin.  The  Workmen's  C-ompensatiou  Act  o£ 
190G,  in  which  paraffin  workers'  epithelioma  was  included  as  a  trades* 
disease,  was  not  made  applicable  to  the  Scottish  Oil  Industry  till  1920, 
but  since  1914  compensation  on  the  same  scale  as  under  that  Act  has 
been  paid  to  those  aflfected,  ex  (/ratia.  There  is  thus  sinc6  1914  a 
record  of  cases  of  this  condition. 

After  acareful  search  through  the  records  of  pntients  in  Edinburgh 
Royal  Infirmary,  between  January  1st,  1900  and  December  31st,  1921, 
involving  the  scrutiny  of  two  hundred  and  forty  thousand  admissions  to 
that  Institution,  I  have  made  a  complete  list  of  cases  that  have  occurred 
since  1900,  in  addition  to  vi'rifying  the  lists  of  cases  recorded  by  the 
employers  This  information,  along  with  my  experience  over  the  past 
twenty-two  years,  ensures  the  accuracy  of  the  complete  list  of  cjjses 
that  have  occurred  since  1900.  I  have  detailed  these  under  two  heads, 
"  Paraffin  Workers  "  and  "  Oil  Workers  or  Labourers,"  giving  ages, 
situation  of  the  lesion,  and  result  as  far  as  could  be  ascertained,  with 
the  date  of  admission  to  the  Royal  Infirmary. 

List  of  Cases  of  I'ura^n  Workers'  Epithelioma  between 
Januarii  \st,  1900  and  Decemher  Mst,  1921. 
In  address  column —  A.     signifies     Addiewell. 


B. 

Broxburn. 

N.          „           Niddn-. 

(). 

,           Oakbank. 

IMi. 

lMnl]>.stoun. 

Pii. 

I'uiuphorston 

r. 

Iphall. 

w. 

NN'est  Culder. 
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(A)  Oil-Worlen 

;  and 

Labourers. 

No. 

Initials. 

Address. 

Age. 
Yrs. 

Occupation. 

Admitted  to 
Royal  Infy. 
or  reported. 

Site  of 
Lesion. 

Result. 

1 

M.R. 

A. 

55 

Labourer. 

24/  1/00 

Scrotum. 

Excised. 

2 

W.  1). 

U. 

47 

Labourer. 

29/11/00 

Scrotum. 

Excised. 

3 

M.  S. 

W. 

54 

Labourer. 

30/11/01 

Nose. 

Excised. 

4 

J.S. 

U. 

52 

Stillman. 

19/10/03 

Scrotum. 

Excised. 

5 

P.  B. 

0. 

65 

Labourer. 

8/  9/04 

Scrotum. 

Excised. 

6 

J.C. 

A. 

39 

Labourer. 

19/  9/04 

Scrotum. 

Excised. 

7 

J.O. 

U. 

57 

Labourer. 

8/10/04 

Auricle. 

Cured. 

8 

W.  P. 

A. 

63 

Enginemau. 

10/11/04 

Nose. 

Cured. 

9 

P.  A. 

B. 

60 

Labourer. 

\-2l  6/05 

Scrotum. 

Relieved. 

10 

H.  T. 

W. 

70 

Labourer. 

27/  6/06 

Scrotum. 

Relieved. 

11 

F.G. 

A. 

56 

Stillman. 

17/10/07 

Scrotunj. 

Died. 

12 

T.  M. 

Pu. 

37 

Labourer. 

15/  6/08 

Forearn). 

Scraped. 

13 

J.F. 

0. 

45 

Labourer. 

10/10/08 

Scrotum. 

14 

J.F. 

U. 

70 

Labourer. 

16/11/08 

Scrotum  &c 

.  Excised. 

15 

T.P. 

A. 

73 

Ammt)nia 
maker. 

31/  5/09 

Scrotum. 

Excised. 

16 

A.C. 

U. 

53 

Oil  Refiner. 

31/  1/10 

Arm. 

Amputated. 

17 

J.M. 

A. 

67 

Oil  Worker. 

25/  1/10 

Scrotum. 

Excised. 

18 

P.M. 

B. 

44 

Coal  Trimmer. 

31/  6/10  P( 

Dpliteal  Space, 

,  Amputated. 

19 

P.N. 

B. 

65 

Stillman. 

1/  1/10 

Scrotum. 

Died. 

20 

J.F. 

N. 

41 

Retortman. 

9/11/10 

Scrotum. 

Excised. 

21 

J.S. 

A. 

68 

Labourer. 

26/11/10 

Lip. 

Removed. 

22 

F.O. 

N. 

79 

Labourer. 

13/  6/11 

Hand. 

Relieved. 

23 

W.D. 

U. 

73 

Oil  Refiner. 

27/  6/11 

Arm. 

Scraped. 

24 

J.R. 

U. 

76 

Labourer. 

22/  8/11 

Scrotum. 

Excised. 

25 

W.W. 

Pu. 

66 

Labourer. 

21/  8/11 

Scrotum. 

Excised. 

26 

J.C. 

u. 

63 

Stillman. 

13/11/11 

Face. 

Excised. 

27 

P.M. 

Ph. 

53 

Labourer. 

4/  6/12 

Scrotum. 

Excised. 

28 

A.O. 

u. 

50 

Labourer. 

22/  5/12 

Scrotum  &c. 

Excised. 

29 

T.C. 

w. 

60 

Platelayer. 

17/  4/13 

Scrotum. 

Excised. 

30 

W.  D. 

u. 

49 

Labourer. 

24/  1/14 

Hand. 

Excised. 

31 

J.M. 

B. 

60 

Oil  Worker. 

24/  4/14 

Scrotum. 

Excised. 

32 

F.H. 

U. 

42 

Stillman. 

14/  5/14 

Scrotum. 

Excised. 

83 

F.S. 

Ph. 

54 

Oilworker. 

17/  8/14 

Scrotum. 

Excised. 

34 

R.N. 

B. 

65 

Labourer. 

3/  3/15 

Hand. 

Amputated. 

35 

D.  IJ. 

W. 

50 

Labourer. 

17/  7/15   Anus  &  Glands. 

Died. 

36 

W.M. 

B. 

61 

Shale  Breaker. 

23/  2/17  Ear  &  Glands. 

Cured. 

87 

J.  P. 

U. 

53 

Oil  Refiner. 

5/11/17 

Scrotum 

Excised. 

38 

D.M. 

U. 

73 

Labourer. 

7/  1/18 

Hand. 

Relieved. 

39 

J.  P. 

B. 

74 

Emptying 
Oil  Tanks. 

24/  1/18 

Scrotum  &c. 

Died. 

40 

J.  P. 

li. 

54 

Stillman. 

26/  7/18 

Wrist. 

41 

A.l). 

U. 

53 

Retortman. 

16/  3/18 

Scrotum  i^-c. 

Recurred. 

42 

J.L. 

U. 

63 

Labourer. 

29/11/18 

Jaw. 

Excised. 

lOii 


No. 

Initinls. 

Aildrt'ss. 

Ag... 
1  ra. 

( >ccupatiou. 

\iiniiiiea  in 
Uoyal  Infy. 
or  reported. 

Site  o( 
Lesion. 

Keault. 

43 

J.({. 

U. 

73 

Sweat  ing- 
Shed  Man. 

2/  .'VIO 

Foreann. 

Cured. 

44 

J.H. 

Ph. 

oL' 

Oil  Worker. 

24/  6/10 

Scrotum. 

Exci/icd. 

46 

M.U. 

A. 

39 

Labourer. 

24/  5/20 

Scrotum. 

Excised. 

46 

w.  c. 

A. 

54 

Labourer. 

4/7/21 

Scrotum. 

Excised. 

(B)  Paraffin  Pressmen 

(Green  Shed  Workers). 

47 

I).  M. 

U. 

52 

Parutiiii  Sheds. 

.'{0/10/02 

.\rui». 

Cured. 

48 

O.F. 

W. 

48 

»>            » 

0/  8/04 

Arm  Ampt'd. 

Died. 

40 

H.U. 

U. 

56 

»            »> 

7/  1/00 

Scrotum. 

Died. 

60 

D.S. 

u. 

(H) 

»            ?» 

10/  6/10 

Hand. 

Excised. 

51 

T.  P. 

A. 

75 

»            )> 

20/  6/11 

Hand. 

Ivelieved. 

62 

A.  M. 

U. 

63 

»            '1 

10/12/13 

Hand. 

Amputated. 

58 

A.  0. 

U. 

44 

M                       It 

2/10/11 

Elbow. 

54 

J.S. 

U. 

63 

»                      M 

5/11/11 

Face. 

Recurred. 

55 

D.A. 

0. 

73 

»                      »> 

June  1913 

Arm  Ampt'd. 

Died. 

56 

J.W. 

B. 

53 

l>                       » 

9/  6/15 

Scrotum. 

Died. 

57 

J.C. 

A. 

52 

»>                       »> 

1/  6/15 

Groin. 

Died. 

58 

a.M. 

A. 

52 

»                        M 

11/  5/16 

Neck. 

Excised. 

60 

A  M. 

U. 

45 

>»                      >» 

27/  7/17 

Arm. 

Amputated- 

60 

J.J. 

A. 

77 

»>                       »> 

7/  1/18 

Ear. 

Cured. 

61 

D.A. 

A. 

64 

>>                       » 

21/  3/10 

Hand. 

LS.OA. 

62 

U.  W. 

Pu. 

68 

ParatHn  Sheds 
(Enpiueer). 

Oct.  1020 

Forearm. 

Cured. 

63 

II.  M. 

Pu. 

62 

Paruffiu  Sheds 
(Eugineer). 

24/  4/18 

Scrotum. 

CurtxI. 

64 

li,  McL 

.      A. 

61 

Paraffin  Sheds 
(Engineer). 

7/  8/10 

.\nn. 

Excised. 

66 

A.G. 

Pu. 

48 

Paraffin  Siieds. 

21/  1,18 

Arm. 

Amputated. 

In  all,  r<ixly-five  coses  of  pnmttin  epitlieliomn  have  occurred  during 
the  twenty-two  years  prior  to  31st  December,  1921,  and  as  far  as 
possible  the  diften'ntiation  between  parafHn  pressmen  (Green  Shed 
Workers)  has  been  made,  though  it  may  Iw  that  some  of  those 
designated  oil  workers  and  labourers  may  actually  have  been  |iarufiin 
shed  workmen. 

In  the  Oil  Works  ooinpriseil  under  Scottish  Oils,  Ltd.,  there  have 
lK>en  employed  upproxinuitely  five  thousand  workmen  annually  for 
many  years,  this  number  including  oil  workers,  labourers,  retortmen, 
and  all  forms  of  labour  necess;iry  in  the  distillation  of  shale  and 
the  refining  of  its  products.     It  will  thus  be  apjKirent  that  the  cancer 
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incidence  is  not  high,  being  approximately  one  and  a  half  per  cent,  in 
twenty-two  years,  or  under  0*1  "/o  per  annum. 

This  list  includes  six  stillmen  or  oil  boilermen,  a  point  which  will  be 
commented  on  when  considering  the  aetiology.  One  Sweating  Shed 
man  only  is  included,  this  being  the  only  instance  in  which  a  worker  in 
paraffin  refining  departments  has  been  so  affected. 

Nineteen  cases  have  occurred  in  the"  same  period  among  those 
definitely  known  to  have  been  employed  in  Green  Sheds  (Paraffin 
Sheds  or  Crude  Paraffin  Departments),  and,  as  already  stated,  there 
were  approximately  two  hundred  men  thus  employed  annually  b}' 
Scottish  Oils,  Ltd.,  during  those  years.  The  incidence  of  this  condition 
among  these  workers  is  thus  0'5  ^/q  per  annum  approximately. 

The  ages  of  the  cases  recorded  vary  from  37  to  79  years  : 

Three  were  under  forty  years  of  age  ; 
Thirteen  were  between  forty-one  and  fifty  years ; 
Twenty-six  were  between  fifty-one  and  sixty  years  ; 
Sixteen  were  between  sixty-one  and  seventy  years ;  and 
Ten  were  between  seventy-one  and  seventy -nine  years. 

The  sites  of  the  epitheliomatous  lesions  were  : 

Scrotum 31  477  "/„ 

Arm,  forearm,  and  hands     ....  21  32*3  "/o 

Face   4  6-0  7^ 

Ear 3  4-6  % 

Nose 2  3-0  7o 

Groin 1  1-6  7„ 

Lip , 1  1-6  7o 

Anus  ]  1-6  7o 

Leg 1  1-6  7o 

Of  the  nineteen  cases  among  paraffin  shed  men,  the  lesions  were  most 
prevalent  on  the  arms,  forearms,  and  hands,  thus  : 

Hands,  forearms,  and  arms.  ...  12  t)3  7o 

Face,  neclf,  and  ear 3  16  7^ 

Scrotum     3  16  7^ 

Groin 1  5  7„ 

^  These  figures  are  hi  accordance  with  the  facts  stated  that  among 
oil  workers,  rctortmen,  and  labourers  the  tendency  is  for  the  primary 
lesion  to  occur  on  the  scrotum,  being  malignant  practically  from  its  early 
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shines,  while  uinon^  paniffiii  shed  workmen,  us  a  ;{eneral  rule,  the 
le.xion  occurs  an  a  degenerative  »tuge  of  warta  or  iiapules,  which  are 
nu)st  coniinonly  situate*!  on  tlio  forearms. 

Broders  <''**,' Annals  of  Surgery,'  gives  a  list  of  sites  of  Miuamou.-* 
ejiitlieliomata  of  the  skin,  with  percentage  frequencies  of  the  ])ointM  of 
origin,  and  a  percentage  fre(|uency  of  points  of  metasUtsis.  TheiM) 
are  «liagnunniatically  illustrated.  His  statistics  are  hased  on  ohwr- 
vation  of  two  hundred  anil  lifty-six  cases  of  epithelioma  of  the  skin,  and 
the  prevalent  sites  are  described  as  face,  head,  neck,  and  supra- 
clavicular region.  Seventy-eight  per  cent,  occurred  in  these  regions^ 
and  ihV\)i.)  "/„  of  cases  occurred  in  farmers. 

The  sites  of  occupational  epitheliomatii  (paratiin  cancer),  as  far 
as  the  cast's  which  have  oi'curred  in  the  Scottish  Oil  Industry  during 
the  last  twenty-two  years  are  concerned,  vary  materially  from  those 
given  for  the  reasons  already  stated,  viz.  : — 

(a)  The  anatomical  disposition  of  the  skin  of  the  scrotum,  facilitating 
the  lodgment  of  dirt  and  deleterious  materials  between  the 
rugffi  ;  and 

(6)  The  prevalence  of  warts  and  primary  occupational  conditions 
on  the  arms  and  forearms. 

Southam  and  Wilson  have  drawn  attention  to  the  prevalence  of  cancer 
of  the  scrotum  among  mule  spinners  in  the  cotton  industry  of  Lanca- 
shire. This  condition  is  described  as  being  due  to  the  clothing  in  the 
lower  abdominal  and  inguinal  regions  being  saturated  with  lubricating 
oils  of  the  paraffin  series  in  the  course  of  employment. 

(B.  M.  J.,  Nov.  18th,  1922,  p.  971.)^"»> 

BlBLIOURAPHT. 

(1)  All£n,  Harrison:  American  Journal  of  Medical  iScience,  1862,  vol.  xHii. 

p.  92.  Describes  pustiUar  form  of  skin  disease  among  workers  in 
kerosene  factory.  This  began  as  reddish  papides,  with  black  spots 
on  summits,  mutuiing  in  about  five  days  into  pustules,  then  de- 
squamating, leaving  a  pock  mark.  These  were  most  plentiful  on 
anterior  aspect  of  body.  Attributed  to  poisonoUi<  effect  of  kerosene 
oil,  but  doubt  was  thrown  on  conclusion  that  ra&h  was  due  to  oil. 

(2)  OesTOK,  Alrx.  :  Edinburgh  Medical  Journal,  1871-1872,  Tol.XTii.  p.  5-14. 

Desoribos  eruption  of  nodules  and  pimples  on  hands  and  arms  of 
puruthn  workers.     Two  types  described  : — Acute,  consisting  ot  bright 
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l-ed  nodules  on  wrists,  arms,  feet,  and  legs,  and  occasionally  on  neck, 
palms  of  hands  and  soles  of  feet  being  free.  The  leading  peculiarities 
were  hard  nodules,  tender  to  touch,  about  size  of  barley  seed,  con- 
sisting of  hair  follicle  enlarged  and  dilated,  filled  with  epithelial 
scales,  No  tendency  to  suppuration,  being  dry  and  friable.  Chronic 
type  consisted  in  honeycombed  appearance  of  skin,  thickened  and 
inelastic,  with  densely  packed  groups  of  hair  follicles  packed  with 
epithelium,  with  indurated  cutis  between.  In  chronic  subjects, 
sleeplessness,  loss  of  Aveight,  foul  tongue,  etc.,  due  to  irritation 
and  pain  of  skin.  Attributed  to  "  blac  oil."  Two  illustrations 
accompany  article — one  showing  papular  dermatitis,  the  other 
follicular  and  indurated  dermatitis. 

(3)  VoLKMANN  :    Berlin  Klin.  Woch.,  1874,    Mai   18.     Three   cases   of   tar- 

workers'  cancer. 

ISammlung  Klin.   Vortrage,   1875,  vol.   i.   pp.   370-381.     In   the 

latter  he  describes  paraffin  workers'  dermatitis,  exhibiting  itself  as 
papules,  boils,  and  acneform  eruptions,  followed  by  increase  of 
epidermis  formation  resulting  in  flattened  warts,  with  white  patches 
of  skin.  The  skin  gets  dry  and  fissured,  with  hyperplasia  of 
epidermic  cells,  which  develop  occasionally  into  multiple  flat  warts, 
some  of  which  develop  cancer,  the  prevalent  sites  of  which  are  arms 
and  scrotum. 

(4)  Bell,  Joseph  :  Edinburgh  Medical  Journal,  1876-1877,  vol.  xxii.  p.  135. 

Described  two  cases  of  paraffin  epithelioma  of  scrotum  in  labourers 
in  oil-w^orks — one  with  glands  involved,  the  other  without.  Each 
worker  also  had  "  paraffin  acne  "  over  arms ;  one  had  an  exaggerated 
degree  of  comedones  over  arms,  hands,  and  legs, 
(6)  Cameron,  Hectou  :  Glasgow  Medical  Journal,  July  to  December  1879, 
p.  40.  Describes  case  of  paraffin  epithelioma  of  scrotum  from 
Oil  Work  at  Bathgate. 

(6)  TiLLMANNs:  Deutsche  Zeit.  f.  Chirurg.  xiii.  1880,  p.  519. 

(7)  LoNGMuiR :     Edinburgh    Medical   Journal,    1883,    part    1,    p.    541.      As 

surgeon  to  Young's  Oil  Co.,  Bathgate,  met  with  several  cases 
of  epithelioma  among  oil  workers  and  occurring  as  warty  nodules 
or  ulcers.  He  notes  that  rapidity  of  growth  is  less  than  scirrhus, 
eucephaloid,  melanotic,  and  colloidal  cancers,  but  resembling  these 
by  the  same  tendency  towards  infiltration  and  extension  to 
lymphatic  system,  inducing  death  by  cachexia.  These  epitheliomata 
are  described  as  beginning  in  irritation  causing  increase  of  epithelial 
cells,  forming  warts  which  gradually  break  down  and  ulcerate,  forming 
soft  crusts,  with  the  ultimate  breaking  down  into  an  open  ulcer.  He 
recommends  frequent  baths  (and  on  his  suggestion  these  were 
erected  by  Young's  Oil  Co.),  applications  of  vegetable  oils,  animal 
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fats  and  lard,  with  plenty  of  soap  and  water.  He  did  not  approTd 
of  local  caustics. 

(8)  Bali,:  Dublin  Medical  Jonriml,  1^8"),  vol.  Ixxx.  p.  85.  Two  csMS 
given  of  cutaneous  opitholioma  amung  tar  workerH — (1)  Hrst  onset 
being  hard  wart,  followed  by  epithelioma  on  scrotum;  (2)  ulcer 
on  back  of  hand  accompanied  by  numerous  warts  of  hard  aud 
horny  character  on  wrist  and  nose,  recurrence  after  amputation. 
He  describes  frequency  of  warts  among  tar  workers,  carbolic  workers, 
etc. 

(»)  Schuchardt:  Volkmann's  Samml.  Klin.  Vortriige,  1885,  No.  257,  p.  2212. 
Describes  chronic  papillary  formations  as  warts  and  scabs  de- 
generating into  carcinoma,  forming  ulcers  which  show  characters 
of  epilhelioniatu  but  remain  for  a  long  time  only  as  local  con- 
ditions, and  that  infection  of  lymphatic  glands  does  not  occnr 
for  a  long  time.  He  also  describes  increased  activity  of  epidermis, 
folliculitis,  Nvith  forniatiun  of  clusters  of  black  points,  and  mentions 
that  skin  becomes  dry  and  withered  like,  with  formation  of  irre- 
gularly-shaped tiut  scales  and  crusts . 

(10)  Crocker:  Lancet,  1888,  vol.  ii.  p.  813.    ")      Symmetrically  grouped 
Wktherill:  ibid.  1889,  vol  i.  p.  169.      )         comedones. 

(11)  Dervillk  and  Guermonprez  :  Journal  des  Sciences   Medicales  de  Lille, 

1892,  vol.  iv.     Describe  papillomata  in  parafiin  workers. 

(12)  KiMK,  Robert  :  B.  M.  J.,  1903,  vol.  ii.  p.  1528.     Describes  occurrence  of 

eczema  in  ])ttraffin  workers,  continuation  of  irritation  causing  indu- 
ration and  dermatitis,  with  formation  of  paraffin  "plukes."  These 
plukes  are  described  as  small  boils,  going  on  to  suppuration  and 
sloughing,  some  graduallv  forming  epitheliomatous  ulcers.  Fore- 
arms stated  to  be  sites  of  eruptions,  but  records  case  of  epithelioma 
of  scrotum  involving  penis  and  abdominal  wall. 

(13)  Buchanan,  George:  Glasgow    I'atholog.   and  Clinical  Soc.,  1893,  voL  v. 

p.  105.  Showed  two  specimens  of  paraffin  cancer,  oue  removed 
from  ankle  and  one  from  arm,  both  occurring  in  Pumpherston 
workmen. 

(14)  UoBERTs,  L. :  Liverpool  Medico-Chirurgioil  Journal,  1893,  vol.  xiii.  p.  4u. 

Folliculitis  Paraffinalis  in  lamp- boy  on  ship,  ending  at  perifolliculitis 
with  hair  in  centre  of  each  prominence,  aud  formation  of  brown 
papules  later. 

(15)  Heidinqsk^:i.i>,    Dr.:    Journal   of  Cutaneous    Di.seases,    1906,  vol.   xxiv. 

p.  513.  In  article  on  paraffin  injections,  mentions  irritating  nature 
of  paraffin  on  superticial  tissues,  causing  keratosis  aud  epithelial 
changes. 
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(16)  SxEtwAGox,    H,    W.  :     Diseases    of    Skin,    1907,   p.    975.     Workers   in 

petroleum  and  paraffin  products  subjects  of  acneform,  furuncular, 
and  abscess  formations. 

(17)  Ullman,  K. :   Vienna  Dermatological  Society,   1909,  j!s"ovember  3.     De- 

monstration of  case  of  multiple  carcinoma  of  scrotum. 

(18)  International   Congress    of    Medicine,    1913.       Illustrations    of   paraffin 

cancer  shown  by  Drs.  Normaij  Walkkk  and  Cranston  Low  in 
Museum  of  Dermatology  Section. 

(19)  Walkku,  W.  :    H.M.   Home   Office,  Factory  Department,  1913  lleport. 

Describes  occupational  eruptions  as  papules,  due  to  contact  with 
paraffin  scale. 

(20)  Davis:  Journal  American  Medical  Association,  1914,  vol.  Ixii.  No.  22, 

p.  1716.  Describes  paiaffin  cancer  and  dermatitis  occurring  among 
gas-works  tar-workers.  He  illustrates  a  case  showing  cauliflower- 
like excrescence  on  back  of  right  forearm.  He  states  that  these 
also  occur  among  paraflTin  pressmen,  and  describes  eruptions  as 
"wax  boils"  gradually  forming  warts  and  occasionally  epitheliomata. 

(21)  Weite,  Peosseu:  Occupation  Affections  of  Skin,  1915,  p.  82.     Describes 

])etroleum  acne,  hair  follicles  filled  wilh  dirt  and  oil,  setting  up 
perifolliculitis  with  infiltration  of  skin  round  follicle  which  may 
necrose  and  be  separated  as  slough ;  also  mentions  formation  of 
large  indolent  boils. 

(22)  White  :  Boston  Medical  and  Surgical  Journal,  1916,  vol.  clxxv.  p.  43. 

States  that  paraffin  workers  are  subject  to  skin  diseases. 

(23)  Page,  G.  B.,  Surgeon  E.N.  :  Practitioner,  1918,  vol.  c.  p.  451.     Petrol 

Dermatitis. 

(24)  Iloss,  H.  C. :  Journal  of  Cancer  Research,  October  1918,  vol.  iii.  No.  4, 

p.  321.     Occupational  cancer. 

(25)  Bayet,  a.,   and   Slosse,   A. :  Comptes    Rendus   Academie   des   Sciences 

Paris,  1919,  vol,  clxviii.  pp.  701-706.  "  L'intoxication  arsenicale  dans 
les  industries  de  la  houille  et  de  ses  derives  (intoxication  houillere 
arsenicale)." 

(26)  Brodebs  :    Annals  of  Surgery,  February  1921,  p.  l-ll.     In   article   on 

"  Squamous-celled  Epithelioma  of  Skin,"  grades  epitheliomatous 
conditions  according  to  cellular  activities.  He  gives  statistics  of 
256  cases,  with  the  percentage  frequency  of  points  of  origin, 
and  also  percentages  of  frequency  of  points  of  metastasis.  Of 
his  256  cases,  53*96  "/^  occurred  among  farmers.  In  7S'l  °/^  of 
the  total  cases,  the  points  of  origin  were  on  head,  face,  and  neck. 

(27 )  Sbmon  :     Practitioner,    1922,    vol.   cviii,   pp.   259-270.       "  X-rays    in 

Dermatology."      Describes    X-rays    and    radium    as    best   treatment 
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of  pitch  warts  (p.  260);  uho  combined  use  of  carbon  dioxide  nnow, 
and  radium  as  best  in  cases  of  epitheliomatn. 

(28)  Leitch,  Arciio.,  Director  of  Cancer  Hospital  Research   Institute:    "The 

Effect  of  Cessation  of  the  Irritant  on  the  Development  of  Experimental 
Tar  Cancer."    (B.  M.  J.,  Dec.  9th,  1922,  p.  1101.) 

(29)  SocTiiAM  and  Wilson  :    Manchester  lloyal   Infirmary.     "Cancer  of  the 

Scrotum — Etiology,  Clinical  Features,  and  Treatment."      (B.  M.  J., 
Nov.  18th,  1922,  p.  971.) 

(30)  Lkitcw,  Ahchd.  :  Cancer  Hospital  Uesearch  Institute.     "  Paraffin  Cancer, 

its  experimental  production."     (B.  M.  J.,  Dee.  Oth,  1922,  p.  1104.) 

(31)  Page,  C.  G.,  and  Bcshnell,  L.D.:  "Skin  Diseases  due  to  contact  with 

oils."     (Journal  of  Industrial  Hygiene,  June  1921.) 

NoTK  ON  Pathology. 

(A)  Papule. 

Tlio  pa]>ular  fonnution  in  its  early  stage  is  due  to  cellular  infiltration  into 
the  ret('  Malpighii  and  to  proliferation  of  the  cells  of  that  layer,  whi<'h 
beconios  thickened.  The  papillae  are  enlarged  and  more  vascular  than 
normal.  In  recent  cases  there  is  no  thickening  of  corneous  layer, 
though  in  more  chronic  types  this  hecomes  thickened  from  cellular 
proliferation.  Occasionally  a  centnil  depression  is  found  corresponding 
to  the  orifice  of  a  sebaceous  duct. 

(B)  Wavt. 

See  microphotograph,  IM.  LVI.  fig.  '.\0.  The  typical  app«'arance  of 
an  occupation  wart  is  best  describeil  with  reference  to  this  micro- 
photograph,  taken  from  a  case  sent  to  the  Royal  Infirmary,  Edinburgh, 
as  jiarattin  cancer,  but  which  proved  to  \>e  a  simple  horny  wart  (W.C, 
an  A(l(li<'well  workman  a>t.  48  years).  PI.  LVI.  fig.  ,*J0  shows  under  a 
low  power  (xlO  diameters)  a  section  through  a  wart-like  growth  with 
cornification  of  the  squamous  epithelium  forming  adherent  layers  on 
the  surface.  Along  the  base  of  the  growth  the  epithelium  is  thin,  with 
loss  of  the  papilla^  ;  at  the  margin  the  epithelium  extends  below  the 
nornml  level.  There  is  very  little  reaction  in  the  dee|>er  tissues.  This 
is  a  fairly  InMiign  form  of  acanthoma.  It  will  1h»  noticed  that  in  no 
sense  is  it  a  papillomatous  formation,  being  mainly  a  hyjierkeratosis. 

(C)  Sipiamous  epithelioma. 

See  PI.  LVIT.  figs.  ,*U  and  32.  These  microphotographs  are  taken 
from  sections  of  epitheliomata  occurring  among  paraffin-shed  workers 
and  oil  workers. 
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(16)  Stelwagon,    H.    W.  :     Diseases    of    Skin,    1907,    p.    975.     Workers    in 

petroleum  and  paraffin  products  subjects  of  acne  form,  furunculur, 
and  abscess  formations, 

(17)  Ullman,  K. :   Vienna  Dermatological  Society,   1909,  jS'ovember  3.     De- 

monstration of  case  of  multiple  carcinoma  of  scrotum. 

(18)  International   Congress    of    Medicine,    1913.       Illustrations    of   paraffin 

cancer  shown  by  Drs.  Norman  Walkkk  and  Ckanston  Low  in 
Museum  of  Dermatology  Section. 

(19)  Walkku,  W.  :    H.M.  Home   Office,  Factory  Department,  1913  lleport. 

Describes  occupational  eruptions  as  papules,  due  to  contact  with 
paraffin  scale. 

(20)  Davis:  Journal  American  Medical  Association,  1914,  vol.  Ixii.  No.  22, 

p.  1716.  Describes  par.affin  cancer  and  dermatitis  occurring  among 
gas-works  tar-workers.  He  illustrates  a  case  showing  cauliflower- 
like  excrescence  on  back  of  right  forearm.  He  states  that  these 
also  occur  among  paraffin  pressmen,  and  describes  eruptions  as 
"wax  boils"  gradually  forming  warts  and  occasionally  epitheliomata. 

(21)  Wkite,  Prosbeh:  Occupation  Affections  of  Skin,  1915,  p.  82.     Describes 

petroleum  acne,  hair  follicles  filled  with  dirt  and  oil,  setting  up 
perifolliculitis  with  infiltration  of  skin  round  follicle  which  may 
necrose  and  be  separated  as  slough ;  also  mentions  formation  of 
large  indolent  boils. 

(22)  White  :  Boston  Medical  and  Surgical  Journal,  1916,  vol.  clxxv.  p.  43. 

States  that  paraffin  workers  are  subject  to  skin  diseases. 

(23)  Page,  G.  B.,  Surgeon  R.N.  :  Practitioner,  1918,  vol.  c.  p.  451.     Petrol 

Dermatitis. 

(24)  Ross,  H.  C. :  Journal  of  Cancer  Research,  October  1918,  vol.  iii.  No.  4, 

p.  321.     Occupational  cancer. 

(25)  Bayet,  a.,   and   Slosse,  A. :  Comptes    Rendus   Academie   des   Sciences 

Paris,  1919,  vol.  clxviii.  pp.  701-706.  "  L'intoxication  arsenicale  dans 
les  industries  de  la  houille  et  de  ses  derives  (intoxication  houillere 
arsenicale)." 

(26)  Broders  :    Annals  of  Surgery,  February  1921,  p.  l-ll.     In   article   on 

"  Squamous-celled  Epithelioma  of  Skin,"  grades  epitheliomatous 
conditions  according  to  cellular  activities.  He  gives  statistics  of 
256  cases,  with  the  percentage  frequency  of  points  of  origin, 
and  also  percentages  of  frequency  of  points  of  metastasis.  Of 
his  256  cases,  53-96  "/„  occurred  among  farmers.  In  78*1  °l^  of 
the  total  cases,  the  points  of  origin  were  on  head,  face,  and  neck. 
(27)Sbmon:  Practitioner,  1922,  vol.  cviii.  pp.  259-270.  "X-rays  in 
Dermatology."      Describes   X-rays   and   radium    as   best   treatment 
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of  pitch  warts  (p.  200);  uho  oomhined  use  of  cnrhori  dioxide  nnow, 
and  radium  as  best  in  oases  of  epitheliomatA. 

(28)  Leitcu,  Anciii).,  Director  of  (!iinccr  IfoHpital  Uoscarch   InHtitute :    "The 

Kffectof  Ccssntiou  of  the  Irritant  on  the  Development  of  Exitcrimentnl 
Tar  Cancer."    (B.  M.  J.,  Dec.  9th,  1922,  p.  1101.) 

(29)  SorTHAU  and  Wilson  :    Manchester  Royal   Infirmary.     "Cancer  of  the 

Scrotum — Etiology,  Clinical  Features,  and  Treatment."      (li.  M.  J., 
Nov.  18th,  1922,  p.  971.) 

(30)  Lkitch,  Auchd.  :  Cancer  Hospital  Uesearch  Institute.     "  Paradin  Cancer, 

its  experimental  production."     (B.  M.  J.,  Deo.  9th,  1922,  p.  1104.) 

(31)  P&OR,  C.  O.,  and  Boshnkll,  L.D. :  "Skin  Diseases  due  to  contact  with 

oils."     (Journal  of  Industrial  Hygiene,  June  1921.) 

Note  on  Pathology. 

(A)  Pajmle. 

Tlic  papular  formntion  in  its  early  stage  is  due  to  cellular  infiltration  into 
the  rete  Malpighii  and  to  proliferation  of  the  cells  of  that  layer,  which 
hpcoinos  thickened.  The  j)apillse  arc  enlarged  and  more  vaj^cular  than 
nonnul.  In  recent  cases  tliero  is  no  thickening  of  corneous  layer, 
though'  in  more  chronic  types  this  l)econies  thickened  from  cellular 
proliferation.  Occasionally  a  central  depression  is  found  corresponding 
to  the  orific<'  ot  a  sehnceon-;  dnct. 

(B)  Wart. 

See  microphotograph,  PI.  LVI.  fig.  30.  Tlie  typical  appearance  of 
an  occupation  wart  is  best  described  with  reference  to  this  micro- 
])liotograph,  taken  from  a  case  sent  to  the  Hoyal  Infirmary,  Edinburgh, 
as  parattin  cancer,  but  which  proved  to  lie  a  simple  horny  wart  (W.C, 
an  Addiewell  workman  set.  48  years).  PI.  LVI.  tig.  30  shows  under  a 
low  ])0wer  (  X  10  diameters)  a  section  through  a  wart-like  growth  with 
cornification  of  the  squamous  epithelium  forming  adiierent  layers  on 
the  surface.  Along  the  base  of  the  growth  the  epithelium  is  thin,  with 
loss  of  the  papilla'  ;  at  the  margin  tlie  epithelium  extends  below  the 
normal  level.  Tliere  is  very  little  reaction  in  the  (ieejM»r  tissues.  This 
is  a  fairly  IxMiign  form  of  acanthoma.  It  will  1k«  noticed  that  in  no 
sense  is  it  a  papillomatous  formation,  being  mainly  a  hy|)erkeratosis. 

(C)  Sipiamous  epithelioma. 

See  PI.  LVIT.  figs.  31  and  32.  These  microphotograpbs  are  taken 
from  sections  of  epithelioiuM'  i  ....-nrring  among  piraffin-shed  workers 
and  oil  workers. 


112 

on  the  shelves  of  the  presses,  and  as  the  higher  sliolves  are  being  filled 
the  workmen's  arms  are  raised  aboA^e  their  heads,  so  that  they  are 
exposed  to  drops  of  oil  which  run  along  the  forearms  and  lower  parts  of 
arms.  PI.  LX.  fig.  35  illustrates  the  working  attitude,  and  shows  how 
the  arms  are  exposed  to  drops  of  oil  fnlling  from  the  trays.  It  will  also 
be  readily  seen  that  the  legs  and  feet  get  wet  with  the  expressed  oil.  In 
working  at  the  filter-presses  and  hydraulic  presses  the  men  have  their 
arms  bare  as  far  as  the  elbows,  thus  accounting  for  the  prevalence  of 
eruptions  in  that  region.  The  departments  in  which  these  processes 
ai'e  carried  out  are  known  as  the  (Jrude  Paraffin  Departments  or 
"  Green  Sheds." 

As  the  use  of  filter  and  hydraulic  presses  for  the  separation  of  scale  is 
not  universal  throughout  the  different  Works,  and  as  the  incidence  of 
occupation  eruptions  is  less  in  those  in  whicli  hydraulic  presses  are  not 
used,  the  foregoing  description  is  of  some  imjiortance,  as  will  be  stated 
later.  After  the  oil  has  been  expressed  by  hydraulic  power  the  trays 
are  emptied  by  the  same  workmen,  the  hardened  wax  being  sent  to  the 
refining  sheds,  "  Sweating  Sheds,"  where  the  remaining  oi!  is  sweated 
out.  During  the  whole  process  in  the  Green  Sheds,  therefore,  the 
workmen  are  daily  for  long  periods  in  contact  with  unrefined  oily 
paraffin,  the  bare  forearms  being  most  exposed  and  the  clothing  getting 
wet  with  drops  and  splashes  of  oil. 

In  the  refining  sheds  the  paraffin  scale  is  melted  and  subjected  to 
steam  heat  in  large  flat  trays,  the  reuiaining  oil  being  sweated  out, 
leaving  the  wax  in  a  refined  condition  ready  for  commercial  purposes, 
after  a  final  filterino-.  The  workmen  in  the  sweating  sheds  do  not  come 
into  the  same  close  contact  with  the  paraffin,  with  the  result  that  they 
are  practically  free  from  occupational  eruptions. 

The  blue  oil  which  is  separated  in  the  green  sheds  is  re-treated,  and 
agtain  cooled  to  extract  the  last  trace  of  wax,  ooino-  throuoh  the  same 
process,  as  described,  a  second  time.  The  subsequent  treatment  of  the 
oil,  dividing  it  into  the  various  grades  of  lubricating  oil,  need  not  be 
considered  here,  as  in  no  other  stage  of  the  entire  process,  from 
beginning  to  end,  other  than  that  more  fully  described  in  connection 
with  the  green-shed  departments,  are  the  workmen  affected  with  any  of 
the  typical  papular,  pustular,  or  erythematous  eruptions. 

A  diagram  of  the  entire  process  of  manufacture  of  sulphate,  of 
anunonia,  mineral  oils,  and  parafiin  wax  from  oil  shale  is  appended, 
with  a  chart  and  explanatory  note  referring  specially  to  the  processes 
through  which  the  heavy  oil  and  paraffin  passes  to  be  made  into  refined 
products, 
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DiAORAM  illiutrntiii|i^  the  Method  of  Munuructureof  Mineral  Oils,  Paraffin  Wax, 
and  Sulphate  of  Ammonia  from  Oil  Shale. 

The  names  of  Finished  Products  are  printed  in  italic. 
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Chaet  of  Process  through  wliich  the  Heavy  Oil  and  Paraffin  fraction 
from  Crude  Shale  Oil  passes  to  ho  made  into  Pefined  Products,  with 
special  reference  to  the  manufacture  and  handling  ot  Paraffin  Scale. 

A. 

Heavy  Oil  and  Paraffin. 

Cooled,  filtered,  and  handled. 


B. 

Paraffin  Scale. 


1 

D. 

1 
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Explanatory  Note  of  Chart  of  Process,  using  the  letters 
SHOWN  on  Chart  to  denote  the  Products. 

Fraction  A  is  cooled  to  a  low  temperature,  wliich  causes  the  Paraffin 
Scale  B  to  separate  from  the  oil.  After  being  cooled,  it  is  pumped 
through  filters,  which  retain  the  scale,  and  the  oil  C  drains  awaj  to  a 
receiving  vessel. 

B.  From  the  filters  B  goes  to  the  hydraulic  press  roou),  where  the 
workmen  pack  it  in  filter  cloth  ready  for  the  hydraulic  presses.  It  is 
put  into  the  presses  and  subjected  to  a  high  pressure,  when  more  of  the 
oil  C  drains  away.  B  is  then  taken  from  the  hydraulic  presses  and 
conveyed  to  a  melting  vessel,  fioin  which  it  goes  to  be  refined  into 
paraffin  wax  D. 
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Blue  Oil  0  is  tjiken,  treated,  and  dislilU'd  into  tli<»  fractions  shown  on 
chart,  and  the  two  fVnctions  to  ho  noted  are  F  and  (J,  whicdi  are  taken 
throJi*""!!  i'xactlv  tin-  ><:imH  |iiihhss  as  A  fi>  extract  th*'  reriiaiiiinp:  scale 
Troni  them. 

This  description  shows  the  .scale  which  the  men  in  (juestion  handle, 
and  gives  the  products  derived  therefrom,  and  also  the  oils  which  tlu' 
men  may  come  into  contjict  with,  when  working  the  scale. 

Tfie  Effects  on  Animals  of  the  Application  or  Shale  Oils. 

In  September  1021  samples  of  the  various  oils  with  which  tlie 
Paraffin  workers  come  most  in  contact  were  sent  to  Dr.  Archibald 
Leitch,  of  The  Cancer  Hospital  Research  Institute,  to  ascertain  the 
results  of  their  application  to  the  skins  of  mice  and  other  animals. 
The  experiments  were  at  first  carried  out  with  Green  Oil  (heavy  oil 
and  paraffiti),  Blue  Oil,  and  later  with  the  lighter  fractions.  The 
different  fractions  used  are  detailed  on  the  chart  on  page  114,  and  a  brief 
description  of  the  process  of  their  manufacture  is  given  on  pai^e  110. 

The  results  of  a  comprehensive  series  of  experiments  have  been 
described  and  illustrated  by  Dr.  Leitch  in  a  paper  on  "  Paraffin  Cancer 
and  its  Experimental  Production  "  (B.  M.  J.,  Dec.  1922,  p.  1104).  The 
results  obhiined  are  of  great  interest  and  practical  importance,  and  in 
every  wav  show  a  striking  similarity  to  the  clinical  manifestations  met 
with  aujong  those  workmen  who  handle  paraffin  and  oils  in  the  proce.*».s 
of  manufacture.  Lesions  have  been  experimentiilly  produced  from  all 
the  fractions  used — warts,  epitheliomata,  and  sarcomata. 

I  am  indebted  to  Dr.  Leitch  for  the  following  summary  of  the  effects 
of  shale  oils  on  mice  after  regular  application  for  prolonged  periods  : — 

"After  the  first  or  second  application  of  the  shale  oils  a  considerable 
area  of  the  mouse  becomes  epilateJ  and  generally  remains  |)ormanently 
bald,  though  re-growth  of  hair  sometimes  occurs  after  a  month  or  so, 
but  this  again  falls  out  and  remains  permanently  epiluted.  Possibly  it 
is  pulled  out  by  the  animals,  as  the  oil  may  be  irritating.  The  death 
rate  is  high,  as  the  animals  lick  off  the  oil,  which  appears  to  be  toxic. 
Sections  of  skin  of  mice  that  die  early  show  destruction  of  the  hair 
follicles  only.  The  skin  on  most  mice  becomes  smooth  and  glistening, 
though  in  time  it  becomes  rough  and  eczomatous  for  a  time.  Towards 
the  end  of  the  third  month  of  treatment  minute  warts  begin  to  appear  ; 
gradually  all  the  animals  show  warts,  though  some  may  give  no  signs  of 
them  for  six  months  or  so.     The  warts  increase  in  size,  arecornitiedand 
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easily  pulled  off.  They  are  frequently  multiple,  though  all  do  not  increase 
at  the  same  rate.  A  few  warts  disappear  spontaneously,  leaving  no 
evident  cicatrix.  At  first  the  warts  are  purely  upgrowths  from  the 
surface,  hut  in  the  later  stages  (six  months  or  so)  some  show  downward 
growth,  with  the  atypical  epithelial  cells  approaching  the  level  of  the 
panniculus  carnosus.  The  earliest  appearance  of  a  wart  was  seen  on  the 
83rd  day,  the  tumour  being  about  the  size  of  a  hemp  seed.  Others 
appeared  about  the  87th  day,  and  so  on  at  later  intervals." 

It  will  thus  be  seen  from  the  foregoing  summary  that  the  experimental 
results  are  exactly  in  conformity  with  the  clinical  characteristics  in  man  ; 
and  further,  it  may  be  said,  when  the  length  of  life  of  the  mouse  is 
compared  with  that  of  man,  the  development  of  malignant  conditions 
takes  the  same  time  proportionately  in  the  mouse  as  in  man.  There  is 
however  this  exception  that,  while  two  sarcomata  have  been  experi- 
mentally produced  on  mice,  no  cases  have  ever  been  recorded,  nor  have 
I  ever  seen  any,  among  paraffin  workers. 

Etiology — Exciting    (Jause. 

Having  described  the  eruptions,  their  sites,  the  occurrence  of  the 
various  forms  of  dermatitis  only  among  those  who  handle  [)araffin  scale 
in  its  moist  oily  state,  and  the  processes  of  separation  of  the  scale  from 
the  oil,  it  is  certain  that  the  exciting  cause  is  contact  with  the  oily 
paraffin  scale.  This  has  been  known  for  a  considerable  time,  and  it 
has  hitherto  been  believed  that  the  scale  itself  was  the  cause  of  the 
dermatitis  (H.M.  Factory  Department  Reports,  1913).  Recent  experi- 
ments with  animals,  however,  have  clearly'  shown  that  the  actual  cause 
is  the  oil,  before  and  after  separation  of  the  scale,  and  that  the  scale 
itself  is  not  the  cause  of  the  dermatitis.  These  experiments  have  been 
described  in  detail,  as  they  are  of  considerable  importance  in  determining 
the  causative  factor.  While  the  exciting  cause  has  been  found  to  be  the 
oils,  both  green  oil  (heavy  oil  and  paraffin)  and  blue  oil  (after  extraction 
of  scale),  the  actual  constituent  of  those  responsible  has  not  yet  been 
determined.  Various  theories  have  been  advanced,  each  being  a  more 
or  less  feasible  solution  of  the  probable  cause,  yet,  so  far,  no  one  has 
been  definitely  substantiated  with  any  degree  of  certainty. 

(1)    That  nitrogenous  compounds  may  he  the  exciting  cause. 
H.  C.  Ross,  in  a  paper  on  Occupational  Cancer,  Journal  of  Cancer 
Research,  Vol.  iii.,  No.  4,  October  1918,  p.   321,  contributes  valuable 
help  on  the  origin  of  occupational  cancer. 


In  con.oidering  tlie  question  of  chemical  or  iiieclianical  injury,  he 
points  out  that  thu  incidence  of  cancer  is  most  where  there  i~  ip> 
mechanical  injury,  and  .sununarizes  thus  : — 


Mechanical  Injury. 

Commodity. 

Cancer  lueidcnet. 

Greatest. 

Coiil  Dust. 

Nil. 

('Onsidorable. 

IJIust  Furnace  P 

itch. 

Nil. 

Only  little,  as  it 

Gas  Tar  P 

itch. 

Considerable. 

softens. 

Tract i<-;tlly  Nil. 

Tar. 

Several  cases,  but 
less  than  pitch. 

Nil. 

Soot. 

Greatest  incidence 
of  all. 

Ho  further  points  out  that,  with  the  exception  of  arsenic,  all  the  cora- 
niodities  active  in  the  production  of  cancer  :ire  the  result  of  decompo- 
sition in  past  ages,  and  draws  an  analogy  in  the  uses  of  nitrogenous 
compounds  by  gardeners  in  stimulating  cell  growth  and  proliferation, 
and  eonies  to  the  conclusion  that  organic  nitrogenous  substances  may 
l)e  the  chemical  substances  responsible  for  the  occurrence  of  occupa- 
tional cancer.  He  stated  that  watery  extracts  of  dead  tissues  induce 
division  in  lympliocytes  and  eiiithelial  cells,  the  active  agents  in 
these  solutions  being  nitrogenous  substiinces.  To  these  he  gives  the 
name  "  Auxetic  ''  meaning  "exciter,"  and  some  nitrogenous  bodies  such 
as  creatin,  xantliin  and  tyrosin  have  been  isolate«l  from  these  solutions. 
He  found  tliat  other  substances,  to  wliich  the  term  "  Kinetic  "  has  been 
applied,  cause  cell  movement,  and  that  the  kinetics  augment  the  action 
of  Auxetics  considerably. 

Auxetics  and  kinetics  have  been  found  in  solutions  of  soot  and  gas- 
works pitch,  kinetics  only  in  blast  furnace  pitch,  /»«*/  no  aujcetics  have 
been  found  m  paraffin  scale  or  Inbricating  oils  as  far  as  products  of  the 
Scottish  Oil  Industri/  arc  concerned.     In  these  latter  he  found  kinetics. 

I  have  given  the  results  of  this  paper  in  some  detail,  as  while  no 
definite  compound  has  been  named  as  the  cause  of  occupational  cancer, 
yet  a  definite  working  basis  has  l>€en  assumed,  as  an  aid  to  further 
investigation. 

In  criticism  of  this  paj»er,  as  far  as  the  pantflin  workers  of  the 
Scottish  Oil  Industry  are  concerned,  it  is  true  that  mechanical  injury  is 
practically  nil  (other  than  from  hamlling  products  at  a  low  temperature), 
the  incidence  of  dernuitoses  is  liigh,  but  the  cancer  incidence  is   not 
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liio-h,  I  have  shown  in  some  detail  the  elimination  of  the  nitrogenous 
compounds  (amines)  at  stages  before  the  material  is  handled  by  the 
workmen,  so  that  these  compounds  may  practically  be  dismissed  from 
furtlier  consideration  as  accounting  for  the  production  of  parafBn 
dermatoses. 

Indeedjit  may  be  argued  further, that,  where  nitrogenous  compounds  are 
present  in  the  most  concentrated  degree — that  is,  in  the  acid  which  is  used 
for  treating  the  ammonia  in  the  manufacture  of  sulphate  of  ammonia, — no 
dermatoses  occur,  though  the  workmen  are  daily  engaged  in  close  contact 
with  the  acid  and  ammonia  products  in  the  various  refining  processes. 
On  the  basis  of  Ross's  work,  they  ought  to  be  present,  and  the  terms 
Auxetics  and  Kinetics  can  only  be  looked  on  as  vague  terms.  There  is 
no  definite  evidence  that  any  particular  chemical  compound  is  the  cause 
of  paraffin  dermatoses,  though  further  work  may  throw  more;  light  on 
the  question. 

(2)   AmeniG  as  a  cause  of  Parana  Dermatoses. 

For  a  long  time  arsenic  has  been  recognized  as  of  importance  in  the 
production  of  skin  eruptions,  which  may  be  classified  under  the  term 
"  dermatitis  venenata.^^  These  eruptions  usually  take  the  form  of 
erythemata,  pa})ular  or  vesicular  eruptions,  with,  in  the  more  chronic 
types,  the  formation  of  flat  warts  and  pigmentation,  which  have  been 
known  to  undergo  proliferation  with  the  subsequent  formation  of 
epitheliomata.  These  eruptions  have  been  stated  to  follow  the  })rolonged 
ingestion  of  arsenic,  and  occasionally  the  prolonged  outward  appli- 
cation of  arsenical  preparations.  In  a  paper  on  "Arsenic  Intoxication 
in  the  Industries  of  Coal  and  its  derivatives,^'  Dr.  Bayet,  of  Brussels, 
classifies  a  group  of  symptoms  called  "  pitch  diseases  ^^  among  workers 
in  a  briquette  factory.  He  states  that  the  symptoms  showed  a  striking 
analogy  to  arsenical  conditions. 

The  eruptions  are  described  as  (1)  pigmentation,  (2)  inflammatory 
and  atrophic  changes  in  skin,  (3)  thickening  of  the  skin,  notably  on 
scrotum,  and  (4)  cutaneous  Ciincer.  He  demonstrates  from  analytical 
evideiic(!  the  presence  of  arsenic  in  the  pitch,  in  the  dust  floating  about  the 
factory,  in  the  urine  of  the  workers,  and  in  the  blood  of  the  nuijority  of 
them.  He  concluded  that  the  symptoms  were  due  to  arsenical  poisoning. 
He  further  states  that  various  classes  of  industry  may  be  considered  as 
in  the  same  category  as  l)riquette  factories,  and  enumerates  chimney 
sweeps,  tar  workers,  paraffin  workers,  railway  workers  who  use  tar,  and 
those  engaged  in  making   tar   paper.     He  afiirms   that   the   eruptions 
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previilent  unions  these  workers  are  identical  with  '*  j>itch  diseaw,*'  an*l 
tliat  tliereforu  they  are  due  to  arsenical  poisoning.  As  far  as  the 
paraftiii  workers  of  this  industry  are  involved,  it  may  be  said  that  it  i.s 
quite  tru(^  that  arsenic  being  one  oE  the  nu)st  widely  di.stributed  of  the 
elements,  is  found  in  the  raw  material,  oil  shale,  but  only  to  an  infini- 
tesimal extent.  It  is  also  true  that  the  dermatoses  have  some  similarity 
to  arsenic  conditions,  to  some  extent  in  the  acute  state,  but  showing 
more  resemblance  to  arsenical  conditions  in  the  chronic  types  ;  bnt 
nevertheless  it  can  bo  said  with  ce|;tainty  that  the  paraffin  workers' 
dermatoses  are  not  due  to  arsenical  j)oisoning.  On  analysis  of  nn 
average  sample  of  oil  shale,  it  has  been  found  that  arsenic  is  present  to 
the  extent  of  'OOOoO  °/q  by  weight,  or  •031>2  grains  per  pound,  and  that 
in  the  blue  oil,  which  the  workmen  handle,  it  is  present  to  the  extent  of 
•000015 °/q.  These  are  such  intinitesimal  ({uantitics  that  the  actual 
influence  of  the  arsenic  present  may  be  considered  as  of  no  importance. 
As  the  process  of  manufacture  of  the  finished  products  of  shale  involves 
repeated  distillations  and  frequent  treatment  with  acid  and  soda,  it  is 
certain  that  any  arsenic,  if  present,  is  eliminated,  either  lodging  in  the 
retort  flues  (in  which  it  has  never  been  traced)  or  by  the  treatment  of 
the  ammonia  with  sulphuric  acid,  during  which  sulphide  of  arsenic  is 
separated  and  removed.  The  subsequent  treatment  of  the  crude  oil  by 
the  same  acid  again  de-arsenicates  the  oil,  so  that  its  presence  in  subse- 
quent stages  is,  for  all  practical  purposes,  impossible.  On  the  other 
hand,  no  appearance  of  skin  eruptions  occurs  in  the  crude  oil  depart- 
ment, in  which  they  might  be  ex|)ected  to  appear,  if  due  to  arsenic 
intoxication. 

(ii)  Radiant  Eneiyt/  of  liadiv-actii'e  Substances  as  a  cause 
of  Paraffin  Dermatoses. 

The  influence  of  light  and  actinic  mys  are  well  known  as  the  cause  of 
epidermic  hyperplasia.  In  the  tropics,  conditions  known  as  solar 
keratoses  are  found,  due  to  the  heat  and  high  actinic  |K)wer  of  the  sun's 
rays.  These  keratoses,  as  the  name  implies,  consist  of  thickenings  of 
the  epidermis,  forming  flat  warts,  which  frtMjuently  show  epithelial 
proliferation  to  a  considerable  extent,  and  are  occasionally  followed  by 
the  formation  of  epithelioma ta.  The  well-known  X-ray  dermatitis,  in 
which  there  are  at  first  intlannnatory  changes  followed  by  indunition 
and  destruction  of  skin  tissue,  generally  toamnch  more  extreme  degn^i 
than  seen  in  paraflin  dennatitis,  may  also  1h>  given  as  an  example  of  the 
influeucc  of  liglit  rays  on  the  skin  tissues.     Wares  and  dermatitis  have 
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already  been  described  as  occurring  among  paraffin  workers,  and  it  is 
also  true  that  the  clinical  and  pathological  appearances  of  these  con- 
ditions are  to  some  extent  similar  to  those  due  to  the  actinic  rays  of  the 
sun  and  to  X-rays  ;  but  they  never  occur  to  such  an  extreme  degree  as 
that  produced  by  X-rays.  There  is  never  vesication  or  deep-seated 
ulceration  other  than  that  in  advanced  stages  of  epitheliomatous  degene- 
ration; there  is  never  pain  which  is  so  frequently  associated  with  burns 
from  X-rays.  It  is  most  iinprobaole  that  a  radio-active  substance  is 
the  determinino-  factor  in  the  causation  of  the  various  forms  of  paraffin 
dermatoses  described,  as  these  would  be  much  more  widely  distributed, 
and  it  might  be  expected  that  numy  of  those  coming  into  contact  with 
the  various  grades  of  oil,  refined  wax,  burning  oils,  and  other  final 
products  would  also  be  affected,  all  these  products  being  hydrocarbons 
from  a  common  source. 

Wassermann  Reaction. 

No  systematic  investigation  with  reference  to  this  test  has  been  made, 
but  in  a  few  instances  it  has  been  tried  in  cases  of  paraffin  workers 
suffering  from  conditions  not  due  to  paraffin,  in  addition  to  the 
presence  of  occupational  lesions,  and  the  result  in  each  case  was 
negative. 

Organic  Sulphur  Compounds  as  a  probable  cause. 

The  presence  of  sulphur  as  organic  sulphides  is  constant  in  oil-shale, 
in  the  crude  and  semi-refined  products,  and  to  some  extent  in  the 
finished  products  as  well.  These  exist  as  Thio-alcohols,  or  Mercaptans, 
so  called  from  their  affinity  for  mercury,  forming  insoluble  mercury 
salts.  They  are  colourless,  and  have  a  smell  like  garlic.  They  persist 
throughout  the  various  distillations  and  treatments  with  sulphuric  acid 
and  soda,  and  so  far  their  total  elimination  has  not  been  found  })ossible. 
Their  a[)pearance  is  most  ap})arent  after  each  distillation,  the  character- 
istic odour  heing  got  at  the  worm-ends  of  the  stills  (the  ends  of  the 
coils  in  which  the  gases  condense,  forming  the  various  grades  of  oil). 
The  formula  of  Mercaptan  is  C2H6S  =  =C2H5SH.  The  hydrogen  gets 
replaced  by  some  metal,  usually  mercury,  when  compounds  known  as 
mercaptides  are  formed,  which  however  are  not  well  defined.  These, 
however,  have  recently  been  definitely  isolated  as  liquid  mercaptides, 
with  the  characteristic  odour  of  sulphur  compounds. 

A  point  of  interest  is  that  among  oil  workers  generall}^,  epitheliomata 
have  been  got  more  frequently  after  each  process  of  distillation  than 
after  the  various  processes  in  which  the  oils  are  treated  with  acid  and 
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.so<iu.  Several  cases  have  occurred  amon;]^  stillmen,  without  previous 
(lenuatitis.  Thoso  men  work  about  tho  wonn-end-  of  Ktills,  takiuj;  dipH 
(samples)  of  the  distillate  at  tVe(|uent  intervals,  thus  hein)(  in  contact 
with  the  oils  in  progressive  stages  of  the  rcHning  processt's.  At  these 
worm-ends  there  is  always  the  characteristic  odour  of  the  sulphur 
compounds,  showing  tlieir  presence  after  distillation.  Sulphur  com- 
pounds are  removed  during  tiie  processes  of  treating  oils  with  acid  and 
soda,  and  on  re-distillation  of  the  oils  these  again  form  from  the  residual 
sulphur,  which  is  present  to  some  extent  throughout  the  ditt'erent  pro- 
cesses, until  the  final  products  are  reached. 

The  heavy  oil  and  parafHn,  with  which  the  paraffin-shed  workers 
come  so  much  into  contact,  is  also  a  distillate  and  therefore  contains 
those  compounds. 

Similar  types  of  lesions  are  found  among  pitch  and  tar  workers,  these 
also  being  engaged  in  the  distillation  of  hydrocarbons,  with  a  con- 
siderable proportion  of  sulphur  impurities. 

I  have  not  been  able  to  Knd  any  recorded  case  of  skin  eruption 
attributed  to  sulphur  or  its  compounds,  but  nevertheless  the  i>ossibility 
of  paraffin  dermatitis  being  due  to  these  compounds  must  not  l>e  over- 
looked. While,  so  far,  there  is  no  direct  evidence  of  this,  I  am  of 
opinion  that  the  hypothesis  of  sulphur  compounds  being  the  exciting 
cause  is  more  probable  than  any  theory  at  present  advanced. 

Experiments  are  in  i>rocess  which  have  a  bearing  on  this  subject,  but 
some  time  must  elapse  before  any  result  is  obtained.  Having  given  in 
detail  the  various  theories  advanced  as  |)robable  causes  of  the  derma- 
toses found  in  the  parattin  workers  of  the  Scottish  Oil  Industry,  no  one 
of  which  has  been  accepted  as  conclusive,  the  position  may  lie 
summarized  thus  : — 

The  various  forms  of  (b'nnatitis.  wlictlicr  papular,  pu.-tular  or  uryila- 
matous,  found  among  parattin  workers  are  dui'  to  direct  contact  with 
some  chemical  substance,  which,  by  the  formation  of  warts  and 
indurated  growths,  acts  as  a  predisposing  cause  of  epithelionui,  and  that 
the  determining  factor  or  exciting  cause  of  epitheliomatous  degenera- 
tion is,  in  common  with  all  other  forms  of  cancer,  unknown. 

The  influence  ot  age  as  a  predispo>ing  cause  «»f  tln'  ervthematous, 
pustular  and  papular  eruptions  is  slight.  While  the  few  cases  of 
primary  pustular  dermatitis  observed  have  occurred  in  youths  beginning 
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work  in  the  paraffin  sheds,  the  incidence  of  tlie  papular  type  is  ajjproxi- 
niately  equal  in  those  under  and  those  over  forty  years  of  age,  and 
conversely  of  those  free  from  eruptions,  taking  the  same  age  as  the 
dividing  line,  the  numbers  are  approximately  equal. 

As  a  general  rule,  the  early  or  slight  forms  of  erythematous  derma- 
titis are  not  seen  in  men  under  thirty-five  years  of  age,  the  more  indurated 
forms  being  apparent  from  forty  years  of  age  upw;irds.  This,  however, 
only  holds  good  if  those  aifected  have  been  employed  continuously  in 
paraffin  sheds  for  some  years,  so  that  length  of  service  is  really  the 
determinina;  factor  in  the  causation  of  this  condition. 

Age  has  a  distinct  influence  on  the  occurrence  of  epitheliomatous 
lesions,  these  practically  never  being  seen  in  men  under  forty  years  of 
age,  and  generally  appearing  at  more  advanced  ages  than  this — a  fact  in 
keeping  with  cancerous  conditions  generalh'.  It  will  be  seen  from  the 
list  of  cases  on  pages  102  and  103  that  these  lesions  occur  only  in  and 
after  middle  life. 

Length  of  Service  in  Farafin  Departments. 

Length  of  service  is  of  considerable  importance  in  determining  the 
nature  of  the  skin  lesions.  As  previously  stated,  the  primary  form 
of  pustular  dermatitis  appears  after  a  few  weeks^  work  in  the  paraffin 
sheds.  The  papular  types  likewise  appear  after  a  few  weeks'  service  in 
these  departments,  though  papules  disappear,  and  others  form  through- 
out the  duration  of  continuous  employment  as  paraffin  workers.  An 
opportunity  of  verifying  the  early  appearance  of  papules  occurred  after 
cessation  of  work  for  a  period  of  six  months  recently.  A  few  weeks 
after  the  men  ceased  work  in  the  paraffin  sheds  all  recent  papules  dis- 
appeared, to  re-appear  a  few  weeks  after  resuming  work,  the  earliest 
manifestations  being  got  in  from  twelve  to  fourteen  days.  The 
presence  and  degree  of  erythematous  dermatitis  are  in  proportion  to 
the  length  of  service.  The  less  extensive  and  less  indurated  conditions 
begin  to  appear  after  about  seven  or  eight  years,  while  the  more  in- 
durated and  more  chronic  ty[)es  are  only  seen  on  men  who  have 
completed  many  years  of  service,  the  worst  cases  having  been  con- 
tinuously thus  employed  for  terms  varying  from  twenty  to  forty 
years. 

As  might  be  expected,  epitheliomatous  conditions  are  only  found  after 
long  terms  of  service,  these  usually  arising  from  chronic  warts  or 
papules,  which  may  "exist  in  a  benign  state  for  many  years  before 
undergoing  ei)ithelionuitous  changes.      Those  affected    durinjv    recent 
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years  have  been   paraffin   workers  for  periodi*  from    thirty    to    forty 
years. 

Idiosi/nn'aci/  and  Predisposition, 

Accumulated  evidence  tends  to  sliow  that  some  workmen  have  a 
;j;reator  tondency  to  lie  affected  than  others,  th«'  working  conditions 
otherwise  being  the  same.  It  nji;^ht  l)e  expected  that  most  or  all  of 
those  working  among  the  semi-refined  material  should  show  some  form 
of  occupation  eruption,  but  this  is  not  the  case.  It  has  already  l>een 
suggested  that  there  may  be  an  idiosyncracy  on  the  part  of  a  few- 
youths  towards  the  action  of  semi-refined  oils,  by  their  having  pustular 
eruptions  soon  after  beginning  work,  while  the  majority  escape.  Like- 
wise the  fact  that  only  approximately  half  of  those  working  among  the 
same  materials  and  under  the  same  working  conditions  suffer  has  never 
been  otherwise  explained,  and  the  only  reason  that  can  be  advanced  is 
that  there  is  a  greater  tolerance  on  the  part  of  some  than  of  others. 
Illustrations  of  similar  idiosyncracies  are  familiar  in  coimection  with 
plant  life — *.//.,  the  well-known  effects  of  poison  ivy,  Primula  obconica, 
nettle,  and  others.  In  addition,  with  reference  to  the  occasional  occur- 
rence of  epitheliomata,  the  actual  incidence  is  low,  yet  many  men  are 
affected  with  warts  due  to  occupation,  which  form  strong  predisposing 
factors,  and,  on  the  other  hand,  some  of  those  who  have  suffere*!  from 
this  condition  have  been  affected  several  different  times  and  in  different 
situations  with  primary  epithelionuxtous  growths.  An  instance  may  be 
given.  One  man  had  an  epithelioma  removed  from  the  scrotum  in  1903, 
without  recurrence,  another  from  the  lower  tn'elid  in  IJM  1,  which  has  since 
recurred,  and  a  primary  growth  from  the  right  cheek  in  ll'2l,  foUowetl  by 
secondary  infection  of  cervical  glands.  In  the  list  of  eases  given, 
several  names  appear  more  than  once,  each  occasion  being  some  years 
apart.  I  have  had  occasionally  under  observation  large  warty  growths 
with  central  ntKirosis,  similar  to  those  illustrated  by  Pis.  XFjI.  and  XLII. 
figs.  li>  an^^  10.  and  suggestive  of  the  stage  innnediat(>ly  pn'ceding 
maligjiancy,  which  instead  of  undergoing  epitheliomatous  degeneration 
have  healed  after  separation  of  the  necrosed  area,  ('ases  such  as  these 
might  be  consitlered  as  only  lacking  in  the  personal  factor,  which  must 
have  a  certain  amount  of  infiucnce  in  determining  the  development  of  a 
Ix'nign  into  a  malignant  conditi«»n.  This  is  also  termed  the  *'  Pn»gressive 
K  lenient." 

These  fact^  are  suggestive  that  an  idiosyncracy  may  exist  towards  the 
action  of  paratfin  subst.inces,  and  that  the  personal  element   is  a    factor 
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of  some  importance  in  the  further  development  of  warts  and  papules 
into  epitheliomata. 

The  following  table  shows  clearly  the  proportion  of  those  miaflfectcd 
at  four  recent  examinations  since  1919  :— 


Green- Shed 

White-Shed 

Green-  cf-  White- 

Men. 

Men. 

Shed  Men. 

{Crude  Dept.) 

{Refining  Dept.) 

Feb. 

1919       . 

••         28-7% 

71-2% 

42-0% 

Aug. 

1919       . 

••         29-5  °/o 

83-0  °/o 

44-5  7o 

Mar. 

1921       . 

..         35-4% 

94-3% 

49  3  7o 

Aug. 

1921       . 

..         39-1 7o 

91-4  % 

47-9  7o 

It  will  therefore  be  seen  that  a  considerable  proportion  of  men  escape, 
many  of  whom  have  been  paraffin  workers  for  long  periods.  On  the 
other  hand,  a  number  of  those  having  eruptions  have  been  paraffin 
workers  for  short  periods  only.  An  illustration  may  be  given  to  show 
how  under  similar  circumstances  some  are  affected  and  some  escape. 
Following  a  cessation  of  work  for  six  months,  an  examination  was  made 
of  a  group  of  paraffin  workers  six  weeks  after  work  was  resumed.  In 
one  oil-work,  of  those  examined,  eighteen  men  had  been  paraffin  workers 
for  less  than  two  years;  nine  of  these  were  free  from  eruptions,  and 
these  were  free  on  former  examinations,  nine  were  affected  to  a  greater 
or  less  extent,  and  those,  with  one  exception,  had  some  form  of  paraffin 
eruption  at  previous  examinations  which  had  disappeared  with  the 
stoppage  of  work  and  re-appeared  soon  after  beginning  work  in  the 
green  paraffin  sheds.  • 

More  extended  experience,  after  repeated  examinations  of  the  same 
workmen,  shows  that  the  susceptibilities  of  the  different  workman  vary, 
and  that  the  extent  of  such  susceptibility  may  be  looked  on  as  practi- 
cally a  constant  factor,  as  far  as  each  individual  workman  is  concerned. 
Numerous  opportunities  have  in  the  past  arisen  for  verifying  this,  such 
as  prolonged  absence  from  illness,  unemployment,  change  of  occupation, 
etc.  After  a  workman  affected  with  papular  dermatitis  ceases  to  work 
among  paraffin  substances,  the  papules  soon  disappear,  but  on  resuming 
work  again  in  the  same  dejnirtment,  re-appear  in  a  few  weeks,  and  the 
extent  of  the  lesions  is  practically  always  the  same  as  on  the  previous 
occasion  prior  to  ceasing  work — ?'.  ^.,  each  man  exhibits  a  degree  of 
tolerance  or  otherwise  which  is  for  all  practical  pur])oses  constant. 

It  has  been  noted  that  fair-complexioned  men  show  more  reaction  to 
the  irritant  than  dark-complexioned  men,  being  more  extensively 
affected,  and  to  a  greater  degree  than  the  latter. 
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A  .similar  Fact  Ims  been  notoil  in  connection  with  tropical  Kkin  con- 
ditions due  to  solar  rays.  This,  however,  in  no  way  explains  tho 
<Hffor«»no«'s  rcferreil  to,  so  that  the  nn)><t  roasonnhh*  explanation  is  that  a 
certain  Wo<r|-ep  of  idiosyncracy  may  j'xist,  causin;;  a  ;ireat('r  tolerance  on 
the  part  of  some  than  of  others. 

This  featiir(M*s  of  considerahlo  practieal  importance,  and  it  has  been 
the  custom  of  the  writer  for  some  time  to  advise  that  men  extensively 
affected,  or  showing  marked  susceptibility  to  the  irritiint  effects  of 
paraffin,  ho  removed  to  some  other  department  in  which  they  do  not 
conie  into  actual  contact  with  the  causative  agent.  It  is  hoped  by  this 
method  of  selection  that  ultimately  the  paraffin  departments  will  be 
manned  by  workmen  showiiicr  a  complete  tolerance,  or  very  little 
intolerance  to  paraffin  in  any  of  its  more  irritatin;^  stages.  This  may 
reasonably  be  expected  to  be  followed  by  amelioration  in  the  extent  and 
degree  of  the  occapation  dermatoses. 

Tlie  presence  of  other  Skin  Diseases. 

The  presence  of  several  of  the  more  common  skin  diseases  has  been 
occasionally  noted.  These  comprise  acne  vulgaris,  psoriasis,  eczema 
(chronic),  and  scabies.  It  may  be  said  generally  that,  where  acne 
vulgaris  is  present,  the  papules  have  a  tendency  to  assume  the  papulo- 
pustular  type,  possibly  from  staphylo-  or  strepto-coccal  infection.  The 
acne  does  not  appear  to  be  aggravated  by  contact  with  the  oily 
material,  several  cases  kept  under  observation  undergoing  gradual 
improvement. 

Psoriasis  has  been  accompanied  by  a  ditluse  non-indurated  form  of 
erythematous  dermatitis,  while  eczema  of  a  chronic  ty[>e  has  Iwen  found 
to  be  associated  with  some  induration  of  the  superficial  layers  o£ 
the  epidermis.  Scabies  persists  without  modification  by  contact  with 
oily  paraffin,  and  respomls  to  the  usual  methoil  of  treatment  without 
after-effects. 

Wani  of  Cleanliness. 

The  importance  of  cleanliness  was  emphasized  by  Longmuir^^  in 
1883,  and  on  his  suggestion,  baths  were  erected  for  par.itfin  workers  in 
Young's  Oil  Works  at  Uathgate.     These,  however,  were  never  used. 

In  recent  years,  very  considerable  attention  has  been  paid  to  the  im- 
portance of  cleanliness,  and  facilities  have  l)een  freely  given  for  this 
pur[>03e,  as  will  be  described  later.  Notwithstanding  strict  attention  in 
this  respect,  it  cannot  be  said  that  the  incidence  of  early  or  papular 
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eruptions  has  been  more  than  slightly  diminished.  On  the  other  hand, 
there  has  been  a  n)arked  diminution  in  the  frequency  of  the  more 
chronic  types,  such  as  erythematous  dermatitis.  Recent  erythematous 
dermatitis  is  now  unconnnon,  while  the  more  chronic  and  old- 
standing  conditions  may  be  said  to  be  more  prevalent  among  those 
whose  habits  of  cleanliness  in  the  past  might  have  been  improved — that 
is,  the  influence  of  greater  attention  to  cleanliness  has  been  followed  by 
a  lessening  of  this  form  of  occupational  eruption. 

Epitheliomata,  especially  when  occurring  on  the  scrotum,  in  most 
instances  can  be  attributed  to  lack  of  cleanliness,  the  difficulty  arising 
from  its  anatomical  conformation. 

With  reference  to  the  recent  papular  eruptions,  in  the  writer's 
experience,  it  is  impossible  to  draw  any  marked  distinction  as  regards 
cleanliness  between  those  affected  and  those  unaffected.  All  the 
workmen  concerned  make  the  same  use  of  the  facilities  provided,  but 
notwithstanding  this,  a  constant  percentage  of  the  workmen  suffers  from 
this  form  of  occuj)ational  eruption,  and  these  are  affected  shortly  after 
beginning  work  in  the  paraffin  sheds,  wdiile  a  practically  constant  per- 
centage escapes.  It  has  been  found,  however,  that  of  those  who  have 
been  employed  in  the  paraffin  sheds  for  a  short  time  only,  and  who  are 
eai'ly  affected  with  papular  eruptions,  a  certain  proportion  recovers 
quickiy.  This  may  be  attributed  to  the  fact  that  at  first  there  is  a  want 
of  care  on  the  part  of  the  workmen  as  regards  cleanliness,  and  in 
allowing  themselves  to  come  unduly  into  contact  with  the  materials 
handled ;  and  after  they  are  impressed  with  the  necessity  for  great 
cleanliness  and  for  coming  as  little  as  possible  into  contact  with  drops 
of  oil,  recovery  takes  place  to  a  considerable  degree. 

Seasonal  Conditions. 

Experience  has  shown  that  as  a  rule  occupational  conditions  are 
worse  during  winter  months.  As  might  be  expected,  cold,  ])y  lowering 
the  vitality  of  the  skin,  accentuates  old-standing  eruptions,  especially 
those  of  the  nature  of  dermatitis  erythematosa  and  erythema  simplex. 
In  tlie  former  condition  the  skin  is  more  roughened  and  scaly,  and  the 
warty  excrescences  are  more  numerous  during  winter  and  spring  than 
in  summer  months.  AVhile  this  applies  with  certainty  to  erythematous 
conditions,  it  does  not  apply  equally  to  papular  eruptions;  for 
though  some  individuals  have  more  papules  in  cold  weather,  as  a 
general  rule  seasonal  conditions  have  not  the  same  influence  on  this 
type  of  eruption. 
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I'iirlations  /»»  the  Plant  uted  in  the  Process, 

A  full  description  of  the  HItor  and  liydruulic  pressen  has  alreudy  been 
given  on  pages  1 1 1-1  !'>. 

In  some  works  liydruulic  presses  are  not  used,  the  green  oil  and 
S(;ale  hoing  treated  several  times  in  Hiter  presses  before  being  sent  to 
sweating  sheds.  Where  hydraulic  presses  are  not  used,  there  is  not 
such  a  large  percentage  of  men  affected  as  in  those  works  in  which  l>oth 
forms  of  presses  are  used.  This  is  represented  by  the  following 
figures : — 

In  two  works  in  which  filter  presses  only  are  used,  at  one  examina- 
tion  57  Vo  anti  6'^  Vo  *>f  *'^®  green-shed  workmen  were  nnafiected  ;  in 
two  works  in  which  Iiydraulic  presses  are  use<I,  an  examination  at  the 
sanu'  time  sliowcd  that  37  °/Qan(l  4b  ^/^  of  the  green-shed  workmen  were 
unaffected.  Apart  from  the  differences  in  the  working  plant,  all  other 
conditions,  such  as  the  nuiterials  liandh'd,  length  of  service,  cleanliness, 
and  working  conditions  were  the  same  to  all  appearance  in  each 
instance. 

Meatnres  adopted  for  the  Protection  o)  the  Workmen. 

During  recent  years  a  great  ih'al  has  l)een  tlone  for  the  protection  of 
the  workmen  in  the  paraffin  ilcpaitments  in  the  various  works.  These 
consist  of  the  provision  of  adequate  facilities  for  ensuring  absolute 
cleanliness  of  the  bodies  and  clothing  of  the  workmen,  the  use  of  protective 
applications  for  the  exposed  parts,  and  reguhir  medical  insp<>ction  every 
three  months.  In  each  of  the  works  in  which  the  refining  of  oil  and 
manufacture  of  paraffin  wax  are  carried  out,  a  complete  equipment  of 
baths  has  been  provided  for  the  paraffin-shed  workmen.  A  description 
of  one  such  ('stal)lishment  will  suffice  to  show  what  has  been  done  in 
this  respect.  The  bath-house  is  a  large,  well-lit,  well-ventilated  build- 
ing, about  fifty-five  ftet  long,  fifteen  feet  broad,  and  twelve  feet  high, 
adjoining  the  paraffin  sheds,  it  is  lined  internally  by  white  glazed 
tiles,  and  is  heated  to  a  comfortable  heat  by  hot-air  or  steam  pipes. 
At  one  enil  are  several  (four)  glazed  |>orcelain  liand-basins,  fitted  with 
hot  and  cold  water,  and  above  each  is  a  metal  container  filled  with  a 
neutral  liquid  soap.  At  the  other  end  is  a  deep  |>orcetain  basin,  with  a 
clothes  wringer  attached,  for  washing  socks  and  other  articles  of 
clothing.  Arranged  along  the  back  wall  and  at  right  angles  across 
the  floor  are  forty-one  iron  lockers,  fitted  with  pegs  for  clothes,  shelves 
for  boots,  and  wires  for  towels,  the  lockers  being  heated   by  hot-air 
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])ipes  passing  along  the  bottoms.     The  lockers  are  provided  with  seats  for 
the  men  while  changing  their  clothes. 

On  the  front  wall  along  the  length  of  the  building  are  five  spray-batlis, 
lined  with  glazed  tiles  and  fitted  with  hot  and  cold  sprays,  each  in 
addition  having  a  deep  foot-bath  with  a  moveable  seat.  On  both  sides 
of  each  sj)ray-batli  are  cubicles  for  undressing,  so  that  one  man  may  get 
prepared  while  another  is  nsing  the  bath.  Each  workman  is  allowed  a 
weekly  quantity  of  soap  and  towels  to  be  used  by  himself  only.  The 
baths  are  kept  clean  by  an  attendant.  On  ceasing  work,  the  men  wash 
their  arms  and  legs  daily,  and  their  bodies  frequently,  and  after  washing 
their  socks,  place  them  in  the  lockers  along  \\ith  their  boots,  and  don  their 
outdoor  clothes.  On  returning  to  work,  the  outdoor  clothing  is  hung  in 
the  lockers  and  working  garments  are  put  on,  which  are  then  covered 
with  strong  sackcloth  aprons  as  further  protection  for  clothing,  etc. 
The  bath-houses  of  each  oil-work  are  arranged  on  similar  lines,  with 
differences  of  detail.     (See  Pis.  LXI.  and  LXII.  figs.  ?>&  &  37.) 

Protective  Applications. 

So  far  as  is  at  present  known,  the  best  protective  application  is  castor 
oil,  especially  in  its  semi-crude  thick  state.  This  is  insoluble  in  any  of 
the  paraffin  series,  and  so  forms  an  impervious  covering  for  the  arms, 
etc.  Before  beginning  work,  each  workman  smears  his  hands,  arms, 
and  occasionally  his  legs  with  castor  oil,  and  occasionally  throughout 
the  working  day  after  washing.  This  practice  has  been  in  use  for  a 
long  time  in  the  paraffin  departments,  as  nothing  better  has  yet  been 
found. 

Applications  of  glycerine  and  lysol  or  carbolic  acid  have  been  tried, 
but  have  been  discontinued  on  account  of  the  tendency  towards  ex- 
coriation of  the  skin  on  the  parts  on  which  the  application  has  been 
used. 


Protective  Clotliing. 

No  practical  form  of  clothing  has  been  found  that  ciin  withstand  the 
extremely  searching  and  solvent  action  of  the  paraffin  series.  Leather 
rubber,  and  other  waterproof  materials  are  readily  acted  on,  and  rapidly 
become  saturated  with  oils,  and  are  not  of  any  real  use,  though  some  of 
the  workmen  place  layers  of  brown  paper  inside  their  boots  before 
beginning  work,  this  being  discarded  each  day. 


129 


Ti't'itlmenl. 


The  various  inetluxb  of  treatment,  ull  of  which  are  purely  local,  are 
carried  out  on  the  ordinary  lines  of  treatment  for  skin  diseases  generally. 
Occiiimtiotial  conu'dones  are  readily  removed  hy  the  usual  method  of 
expression,  and  permanent  improvement  is  got  by  persistently  removing 
these  by  the  fingers,  rather  than  with  any  of  the  implements  for  the 
purpose,  as  these  are  apt  to  cause  too  much  mechanical  damage  to  the 
surrounding  tissues. 

Papular  conditions  readily  disappear  on  ceasing  work  in  the  paraffin 
sheds,  and  as  a  rule  re<|uire  little  or  no  treatment,  as  in  the  early  stages 
these  tend  to  heal  spontaneously.  Mild  antiseptic  pastes,  such  as  horic 
ointment,  suftice  to  prevent  septic  infection,  though  this  is  uncommon, 
as  the  oily  materials  worked  with  are  themselves  both  aseptic  and 
germicidal.  In  the  more  acute  forms  of  erythematous  conditions 
setlative  apjdications  are  of  use,  the  most  effective  being  ichthyol  and 
lead  preparations.  In  the  more  chronic  types  these  are  also  useful,  or 
pastes  of  zinc  oxide  and  salicylic  acid,  and  if  wartiness  is  a  prominent 
feature,  stronger  preparations  of  salicylic  acid  are  beneficial. 

In  tire  more  rapidly  proliferative  warty  conditions,  salicylic  and 
chromic  acids  readily  remove  superficial  warts,  but  when  these  extend 
more  deeply  into  the  skin  tissues,  carbon-dioxide  snow  is  of  greater 
service.  Semon^-^*  recommends  application  of  radium  as  the  l)est 
ntethod  of  eradicating  warts,  or  a  combination  of  radium  and  carbon 
dioxide  snow.  On  any  ai)pearance  of  warts  or  nodules  prolifeiating  too 
rapidly  with  excessive  growth,  removal  by  excision  is  a  sure  method  of 
treatment,  and  it  is  exceptional  to  find  recurrence. 

Tho  importance  of  early  recognition  of  the  transition  stage  between 
benign  and  uiulignant  conditions  cannot  be  too  strongly  emphasized,  as 
delay  in  doubtful  cases  means  unnecessary  risks,  involving  inftH'tion  of 
glandular  tissues,  after  which  very  extensive  removal  may  be  necessary. 

The  periodic  examinations  of  the  parathn-shetl  workmen  are  of  value 
in  this  respect,  but,  as  will  be  seen  from  the  tables  of  those  who  have 
suffered  in  former  years,  a  great  proportion  of  the  cases  recordtni  have 
occurred  among  workmen  who  are  not  connected  with  the  parafiin  sheds, 
so  that  the  early  tloteition  of  any  occupational  condition  is  still  a  matter 
of  chance  as  far  as  these  men  are  concernotl. 
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PAKT   II. 


DETAILS  AND  RESULTS  OF  EXAMINATIONS  OF 
PARAFFIN-SHED  WORKMEN. 

Results  of  Examinations  of  Pakaffin-Shrd  Workmen  in 
Scottish  Shale-Oil  iNDrsTRY. 

In  February  1919  an  agreement  was  come  to  between  H.M.  Home 
Office  (Factory  Dei)artnient)  and  the  various  employers  in  the  Scottish 
Oil  Industry  engaged  in  refining  the  products  of  shale,  whereby  a 
svstein  of  routine  examinations  at  quarterly  intervals  of  all  the  workmen 
ill  the  various  paraffin  departments  was  instituted  for  the  benefit  of  the 
workmen  concerned. 

I  was  asked  by  the  parties  to  the  agreement  to  carry  out  the  necessary 
examinations  at  the  various  works,  these  being  Addiewell,  Oakbank, 
Pumi)herston,  Uphall,  and  Broxburn  Oil  Works,  involving,  in  all,  the 
examination  of  about  two  hundred  workmen  at  intervals  of  three  months. 
During  the  first  examination  it  was  quite  apparent  that,  if  these  were 
to  be  of  any  permanent  use  for  comparative  purposes,  both  as  ])etween 
the  workmen  in  the  different  works  and  for  future  reference,  it 
was  necessary  that  a  uniform  standard  should  be  established.  It  was 
essential  that  this  standard  should  be  equally  applicable  to  all  workmen, 
one  which  could  be  rigidly  adhered  to,  one  which  would  eliminate  tlie 
personal  factor  of  the  examiner,  and  at  the  same  time  take  into  consider- 
ation the  various  conditions  both  from  a  dermatological  aspect  and  from 
the  practical  standpoint  of  the  extent  to  which  the  workmen  suffered 
when  considering  their  suitability  or  otherwise  for  the  work  on  which  they 
were  engaged.  It  was  found  impossible  to  differentiate  the  varying 
degrees  of  severity  of  the  occupational  eru})tions  on  a  strictly  scientific 
basis  (/'.  ^.,  according  to  the  type  of  lesion),  as  in  a  large  })roportion  of 
instances  several  types  co-existed,  and  on  the  other  hand,  the  extent  of 
an  eruption  was  the  actual  determining  factor  in  considering  a  work- 
man's suitability  or  otherwise  for  that  particular  form  of  work.  The 
standard  fixed  on  as  a  [)ermanent  basis  accordingly  took  largely  into 
consideration  the  extent  of  the  various  occupational  eruptions,  and  it 
has  not  been  found  necessary  to  make  any  further  alteration  on  the 
original  basis, all  the  requirements  considered  essential  having  been  met 
satislactorilv. 


Th«  conditions  of  tlio  wori«inen   were  divided  into  five  groups  ■» 

t\)llo\v.s  : — 

Group  1.  Those  having  no  occupationul  eruptions. 

Ormp  2.  Those  having  slight  erythema,  or  folliculitis,  or  not  more 
than  fivo  papules. 

Group  3.  'rhoHR  having  a  slight  degree  o£  nny  form  of  eruption,  and 
limited  in  oxtent. 

Group  4.  Those  with  an  extensive  eruption  of  any  type. 

Groujt  ').  Those  showing  any  condition  ai)proaching  malignancy. 

For  permanently  recording  the  conditions  of  the  workmen  at  each 
examination,  I  prepared  charts  showing  front  and  hack  views  of  hotly, 
with  reference  letters  for  the  various  parts,  and  giving  details  of  each 
man's  age,  length  of  service  in  paraffin  departments,  and  the  depart- 
nient  in  which  he  works.  The  condition  of  each  man  is  noted  at  each 
examination  in  coloured  crayon  thus  : — 

Blue  is  used  to  represent  Papular  Dermatitis.     [Blue  denotes  00.] 

Red  is  used  to  represent  Erythema  an<l  Erythematous  Dermatitis. 
[Red  denotes  XX.] 

Bi.ACK  represents  Comedones,  and  in  a  few  instances  under  Group  o 
the  sites  of  conditions  approaching  malignancy.  [Black 
denotes  D  D  •  ] 

Vkij.ow  repn^sents  scars,  callosities,  simple  warts  (papillomata),  bruises, 
and  similar  non>occupational  conditions. 

(tREEN  represents  non-occupational  skin  diseases,  sucli  as  acne  (rosacea 
or  vulgaris),  scabies,  eczema,  and  psoriasis. 

Non-occupational  conditions  are  noted  for  future  reference,  a  pre- 
caution wliioli  has  been  found  of  service. 

(The  charts  were  at  first  prepared  by  myself,  but  latterly  these  have 
been  supplied  by  Scottish  Oils,  Ltd.,  thus  very  materially  improving  the 
appearance  of  these  permanent  records.) 

Heports  are  issued  which  give  fuji  dettils  of  the  condition  of  the 
workmen,  with  any  alterations  from  previous  examinations,  suggestions 
for  improving  their  conditions,  etc. 

Reference  has  already  been  made  in  the  description  of  the  process 
ot  manufacture  to  the  various  de|>artments  in  which  the  parafiin  scale  is 
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sepji rated  from  the  lieavy  oil  and  paraffin  (Green  Oil),  and  subsequently 
refined. 

The  crude  paraffin  (le])artnients  include  those  in  which  the  paraffin 
scale  is  filtered  from  the  green  oil  hy  means  of  filter  and  hydraulic 
presses,  as  described  on  j)aoe  111.  These  departments  are  technically 
known  as  ''  Green  Sheds,"  and  the  workmen  are  known  as  ''  Green- 
Shed  AVorkmen  "  or  "  Pressmen.'^  The  paraffin  refinery  is  the  term 
applied  to  the  departments  in  Avhich  the  remaining  oil  is  "  sweated  '^ 
from  the  paraffin  scale  and  subsequently  refined  for  commercial  use.  The 
workmen  in  the  refinery  are  known  as  "  Sweating-Shed  Men.*'  These 
terms  are  of  considerable  imj)ortance,  as  throughout  the  examinations  a 
distinction  is  di-awn  between  the  Greeii-Shed  and  Sweating-Shed  Work- 
men, and  statistics  are  })repared  for  each  of  these,  as  well  as  for  the  two 
classes  of  worknien  combined. 

Dktails  of  Examinations  of  thh  Paraffin-Shed  Woiikmen. 

The  details  of  each  examination  are  based  on  the  uniform  standard 
described,  dividing  the  workmen  into  five  groups  according  to  their 
freedom  fi-om,  or  the  extent  of,  occupational  eriq^tions. 

(A)    GllEEX-HlIEl)  AND  SwKATING-ShEI)  WoilKMEN  COMBIXEU 

(Workmen  in  Crude  Paratfin  Departments  and  in  Parattin  liefineries). 

COMPRISINO   THK  liKSULTS  OF  FiVK  EXAMINATIONS  AS  UNDER. 

Dates  of  Examiuiitions. 
Marcli,  July, 

April,  Aug.,  Marcli,  Sept.,  Feb., 

19J9.  1919.  1921,  1921.  1922. 
No.  of  Men  ex- 
amined   188.  UG.  148.  113.  80. 

G^roup  1    79  (42-0  "/o)  65  (44-5  "/o)  73  (49-3  "/o)  60  (53-1  o/„)  31  (38-7  »/o) 

f^™iiP  -    -^9  (lo-4  o/o)  46  (31--)  0/,)  24  (16-2  "/n)  31  (27-4  o/„)  15  (18-8  o/„) 

^'■o"P''    r,6(29-8Vo)  24  (16-4  Vo)  42  (28-4  »/„)  21(1 8-6  "/o)  27  (33-7  "/.,) 

^^»'o»P  4    21  (11  -2  »/o)  11  (  7-0  o/„)  9  (  61  "/n)  1  (  0-9  «/o)  7  (  8-8  "'/.,) 

^'■■""P'T    3(l-6"/»)  None.  None.  None.  None. 

The  average  frequency  of  eruptions  for  the  five  examinations  is  : — 

Group  1    'rho.sp  liaving  no  occupational  eruption 45-0  "/„ 

Grcnip  2  Those  having  a  few  papules  only    21  '4  "/o 

Group  3  Those  having  a  limited  degree  of  eruption   2o-l  "/n 

Orottp  4 Those  liaving  extensive  eruptions 7"f>  Vu 

Group  o  Tho.^ie  showing  presence  of  warty  growths 0-4  0/0 
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(H)  s«  K\  I  fv«i-SiiKi>  WoiiKVKv  (  WiU'lviiieii  ill  I'MinHiii  Itnniwrioh). 

|)ut**'«  of  Kxauiiimtioii'^. 

March,  July. 

April,             Aug.,                .March,              .Sept.,  Kb., 

1911».              1!>1».                U»->1.                 J»2I.  VfJJ. 

No.  Ill'  Mi.'U  ox- 

nmined oJ).                  41.                    8«.                    ".'rt.  |;5. 

Group  1                    t2(7l-2»/o)    34(83-U7.,)    a:J  (04  3 "/«)    1'0(1U0',.,)  11  (84-(i",,) 

Oroup  -2 ••{  (  5-1  -/o)      3  (  7-3"/»)       •  (  -^■9'V")         ^'on«•  1  (  "'" "  ••) 

(Sroup  3 10  Ot^-5»"A.)      '-  (  4H»/„)       1  (  2-8"/o)         None.  I  (  77  ".o) 

rJroup  4 :{ (  5-1  "/»)       2  (  4-9 "/o)            Noue.             None.  None. 

Group") 1  (  l-7"/i>)         None.               Noue.            None.  None. 


The  average  frequency  of  eruptions  for  the  five  examinations  is  : — 

O'roiip  1  TliDse  hftviup  no  occupfitional  coiulifii)iis,  .  •"S4'0'''n 

Oroup  2  Those  having  a  few  ^mpuleii  only  .                       . .  4*6  "/^ 

Group  3  Those  having  a  limited  thgrce  ol'  i  niption 8*0 •/o 

(iroup  4  Those  with  extensive  eruptions     2*8  "/o 

Group  ')  'I'hose  with  malignant  growths 0*6  •/» 


Tlu'x'  li;^mes  sliow  liow  coiiipaiiilivrly  free  tlir  >\vi'alin;4->luMl  wurk- 
Mien  are  from  occupational  lesions  ;  at  one  examination  all  were  <|iiile 
free,  while  there  has  heen  a  steady  im|)rovement  since  the  date  of  the  first 
in.«ipection. 

During  the  examination  of  March  liUO  one  nnin,  incluiied  in  tiii> 
sunnnary,  was  placed  in  Group  5  on  account  of  a  malignant  growth  on 
his  left  arm  after  thirty  years'  service  in  the  sw<'ating-slied>.  Tin's  is 
the  only  instance  I  have  heen  ahle  to  trace  of  a  malignant  condition 
occurring  among  sweating-shed  workmen.  The  growth  was  excised 
with  permanent  recovery  without  rccurretice. 

It  will  l>e  noted  that  at  first  examination  the  proporti«>ii  of  sweating- 
shed  men  in  Group  IJ  was  rather  high.  This  is  entirely  due  to  the 
greater  pr«'valence  of  occupational  eruptions  among  the  Addiewell 
workmen,  these  having  heen  employed  in  tliis  capacity  for  many  years 
ami  under  circumstances  not  so  favourahle  in  former  years  for  the 
prevention  or  amelioration  of  tiie  skin  conditions.  They  were  only 
<>xamincil  on  one  occasion,  the  refinery  and  paraffin  sheds  IxMng  sub- 
sequently closetl. 
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(C)  Green-Sued  VVorkmex  (Crude  Paraffin  Departments). 

Dates  of  Exiiminations. 

Marcli,  July, 

April,  Aug.,  March,  Sept.,  Feb., 
1919.  1919,  19i>l.  1921.  1922. 
No.  of  Men  ex- 
amined            129.  105.  113.  87.  67. 

Group  1 37  (28-7  7o)  -'Jl  (29o  %)  40  (35-4  %)  34  (39-1  7o)  20  (29-8  Vo) 

Group  2 26  (20-2  %)  43  (41  '0  %)  23  (20-4  «/„)  31  (35-6  «/„)  14  (209  "/„) 

Group  3 46  (35-6  "/,)  22  (20-9  "/o)  41  (36-3  7o)  21  (24-1  y„)  26  (38-8  %) 

Group  4 18  (13-9  7„)  9  (  8-(i "/,)  9  (  7-9  7;)  1  (  1-2  7„)  7  (10-5"  /,) 

Group  5 8(1-6  7J  None.  None.  None.  None. 

The  averaoe  frequency  of  eruptions  for  the  five  examinations  is  : — 

Grotq}  1 32'3  7o  are  unaffected. 

Oroup  2 27'3  7o  ''a^e  not  more  than  five  papules. 

Group  3 31  "1  "/o  are  atfected  to  a  limited  degree. 

Group  4 8"9  7o  are  extensively  affected. 

Group  o 0'4  7o  show  presence  of  malignant  growths. 

These  figures  show  the  much  greater  prevalence  of  occupational 
dermatoses  among  the  workmen  in  the  crude-paraffin  departments  as 
compared  with  the  workers  in  sweating  sheds  (paraffin  refineries).  This 
is  due  to  constant  close  contact  with  the  oily  products  during  the 
separation  of  the  paraffin  scale,  as  fully  described  on  page  111. 

Seasonal  Variation. 

In  scrutinising  the  percentages  of  those  fiffected  in  each  department, 
as  well  as  those  for  both  sections  combined,  it  will  be  seen  that  during 
the  summer  and  autumn  examinations  fewer  men  are  included  in 
Groups  3  and  4,  and  that  a  larger  proportion  are  included  in  Groups 
1  and  2  than  during  the  winter  and  spring  examinations — i.  e.,  during 
summer  and  autumn  there  is  a  decided  tendency  towards  improvement 
of  the  occupational  conditions,  the  colder  months  having  an  adverse 
effect.  This  may  be  illustrated  from  Table  (C),  referring  to  Green-Shed 
Workmen. 

March,  July)  .March,  Sept. 

GroupH  ]  and  2 :—  1919.  1919.  1921.  1921. 

No  ei'upliuus  or  a  few 

papules  only 48-9  7„  70-5  7„  .55'8  7,  74-7  7^ 

Groups  3,  4,  and  o : — 

Limited  and  extensive 
eruptions 51-1 7„  29-5  "/„  42-2  7„  25-3  7^ 


The  pn'i'pcHi);;  Hgiirpx  wfev  to  tlie  |>arartiii>!<lie(l  workiiHMi  n»  one  com- 
pletu  ;^n)U|)  of  men  (MujiloytMl  hy  Scottish  Oils,  Ltd.  On  a  more  lietailfd 
analysis  of  th«  conditions  of  tlir  ]iaratiin  workers  of  each  oil-work,  we 
Hiiti  ditterences  in  the  frequency  and  severity  of  tiie  occupation  Iej4ion«», 
which  can  to  some  extent  he  explained  hy  local  circumstances. 

In  carryin;;  out  tlio  examinations,  the  statistics  relating  to  the  work- 
men of  catli  oil-w«)rk  are  kept  separate,  and  thus  comparisons  can  rea«lily 
he  made.  The  differences  are  most  reudily  shown  hy  summarising  the 
rosiilts  of  cornvspoiidin;;  examinations  at  each  oil-work,  iiccordin;;  to  the 
;;roiips  into  which  the  men  are  placed  on  the  standard  :iir«'ady  dcscrihed. 


(D)   GUKEN-ISllUl)  WOUKMKN    ONLY. — FlGUUKS    FOIl    EACU  OlL-WOttK. 

(a)  UlioUF  1. —  Those  free  front  occuputvmul  comlitiuiu. 
Dates  of  KxaniiimtiuiiH. 

March,              Sept.,             March,              Sept..  PVb., 

NVork.                  I!»19.                1019.                ii»:>l.                lyi>l.  iy_'± 

runiph.rstoM  .  . . .         2o-7  7„            26-0 •/„            88-2 7„            JU-4Vo  40-«»/„ 

Uri.xbiini     l>8-0  7o             2Ji-0  7„             ;«I-3  7,.             4.V.-)".,  None. 

Uphnll ;J8-» 7„            47-4  7„            oO<>  '  „              Non.-.  Xoimj. 

Addiewell    -7-0  7u              None.              None.              None.  Noue. 

OakbRiik    2807,,            24-0 7„            80-0 7o            .'W^  7„  2007o 

(i)  (iluoup  2. —  Tho«e  haviny  not  more  thunjirr  iHifmlen. 

Puiiiphurstoii   ....         22-9 7„            o0-07„            2«'5"/„            37-6 ",.  18-8 7, 

I'.ioxbinii 20-0 7„            48-0 7„            22.2  ", „            41  0  -  ,  None. 

I  phall 11-1  7„              lr>-H7„               NoiU'.                Xoiu-.  None. 

.\dilii'W(lI    l»'l  7„               None.               None.               None.  None. 

Oakbaiik   24*0 •„             40-07,,             20-1)  V„             .kVSV.  22-8»;.. 

(r)  Gnorp  JJ. —  Ihoin'  irith  limited  degree  of  rruptioHg. 

rumplierston    4r»-7  7..             l5>-r>7o            .•{2-3 7„            28-1 7„  -iro  ,., 

Hn>.xbHrn 440  7„            1(H)7.,            -l-J^ ",  „              9-07,  None. 

^'phnll 10-7  7u            26-3  7„            2o-0 "'..             None.  None. 

Addiewell     2«-fl7„             None.              None.              None.  None. 

Oakbaiik :«{-0  7,.             24-0";..             44')-07,.             ••W*3  7„  40-07,, 

Id)  IIboup  4.    -7'Aojv  with  extentire  rruuttons. 

PiimpherstoJJ    .V7  • ',.               .'>•.'»  '  „               IH) "  „               None.  .'M  7, 

ItroxlHiin      SO",.              8-0  •',             ill".              4'.->"..  None. 

Iphall .-W-.l";             I(K,                 L>.VO                  None.  None. 

Addiowell     19-2%              Non..                Xon,                  None.  None. 

Onkbank  12-0  7,             12-0%              5-0  •                 None.  i7-2'" 


(e)  Group  -"). — T/iose  with  any  comlition  npproachimj  mallfimoicy, 

rumpherstoii   ....  Noue.  Noue.  JS^one.  ISoue.  None. 

Broxburn None.  None.  None.  None.  None. 

Upliall None.  None.  None.  Noue.  None. 

Addiewell     7'7  "/o  None.  None.  None.  None. 

Oakbank   None.  None.  None.  None.  None, 

Length  of  Service. 

On  examining  these  figures,  it  will  readily  be  seen  tliat  of  the  work- 
men employed  in  Addiewell  and  Uphall  Oil-works  a  much  larger 
proportion  is  included  in  Group  4  than  at  any  of  the  other  works — i.e., 
there  is  a  high  frequency  of  the  more  extensive  types  of  occupation 
lesions.  This  is  accounted  for  by  the  very  long  terms  of  service  in  the 
paraffin  dei)!irtments.  For  example,  Group  4  of  the  Addiewell  work- 
men comprises  seven  workmen,  their  lengths  of  service  in  paraffin  sheds 
being  respectively  38,  36,  33,  29,  22,  21,  and  15  years.  Group  5  of  the 
.same  workmen  includes  two  men  who  have  been  employed  in  this 
department  for  40  and  32  years  respectively. 

All  those  in  Groups  4  and  5  suffered  from  extensive  indurated 
dermatitis,  with  the  typical  appearance.-^.  Group  4  of  Uphall 
oil  workers  comprises  seven  workmen  who  have  been  employed 
for  39,  34,  2'6,  27,  18,  and  18  years,  and  one  lad  who  had  only  been 
employed  for  four  months,  and  at  the  end  of  that  period  was  literally 
covered  with  a  pustular  dermatitis.  Group  5  of  Uphall  workmen 
consists  of  one  sweating-shed  workman,  having  been  thus  employed  for 
30  years.  This  is  the  only  instance  of  a  sweating-shed  worker  having 
been  affected  with  a  malignant  condition.  All  those  in  Groups  4  and 
5  suffered  from  extensive  indurated  dermatitis. 

These  fiicts  and  figures  therefore  show  the  very  potent  influence 
which  the  longer  terms  of  service  as  paraffin  workers  have  in  the  pro- 
duction of  the  extensive  indurated  types  of  dermatitis.  Some  of  the 
plates  illustrating  this  condition  were  got  from  Addiewell  and  Uphall 
workmen. 

Another  point  of  importance  is  seen  from  the  figures.  In  scrutinising 
figures  of  the  examination  made  in  September  1921,  it  will  be  noticed  that 
o£  the  Broxburn  and  Oakbank  workmen,  a  very  small  proportion  were 
included  in  Groups  3  and  4,  showing  a  marked  contrast  to  the  figures 
for  previous  examinations.  The  explanation  is  to  be  found  in  the  fact 
that  the  examinations  of  these  two  groups  of  workmen  were  made  after 
a  cessation  of  work  for  some  six  months  or  so,  during  which  time  all  the 
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|»i|)uiar  eruptions  heiilud,  hikI  ovnn  the  more  iiidumted  types  hud 
im(l«r;ron«  soim'  iinpix)vem«»n^ 

Tla'se  details  tlieii'l'oro  sliow  the  readiiiesH  with  whicli  the  papohir 
types  disupper  on  reinuviiig  workmen  frem  the  paraffin  Hheds.  ThiH 
point  is  ol'  practical  importance,  as  at  present  it  is  only  hy  the  removal 
of  those  most  artccted,  and  substituting  for  them  others  who  have  not 
shown  the  same  tendency  towards  the  action  of  paraffin  suhst^mces,  that 
the  prevalence  of  the  eruptions  can  be  diminished. 

A  further  point  m;iy  he  mentioned.  At  the  examination  tjl  the  Oak- 
liank  workmen  in  February  11>22,  the  nmnber  of  men  placed  in  Groups 
'A  and  4  was  larger  than  at  any  pr(>vious  examination,  due  to  the  high 
Fr('(|uency  of  papular  eruptions.  These  were  most  prevalent  on  (ho8«* 
\\  itli  short  peri(»ils  of  service  in  the  paraffin  sheds,  and  occnrre<l  shortly 
after  beginning  this  Eorm  ot'  work.  Throughout  the  examinations  at  all 
the  works,  there  has  been  noted  a  tendency  for  the  mon*  recent"  em- 
ployees to  be  affected  with  papular  erujitions,  as  if  the  workmen  were 
not  sufficiently  impressed  with  the  necessity  for  cleanliness  and  the 
necessity  For  taking  all  possible  pre(!autions,  such  as  lubricating  the  arms 
with  castor  oil,  etc.,  and  only  after  being  some  time  employed  were 
proper  protective  measures  taken  by  them.  During  this  and  the 
previous  examination  of  the  same  men,  several  instances  of  occupation 
comedones  were  got,  desitribed  in  Part  I.  under  that  head.  This  con- 
dition has  been  almost  solely  confined  to  the  Oakbank  workmen. 

There  are  also  considerable  differences  in  the  sites  of  the  occu|Mitional 
legions.  During  two  recent  examinations,  the  sites  of  the  lesions  in  the 
workmen  of  the  various  work"*  have  been  as  follows  : — 

March,  1921.  Fkbuuakv,  h)ti. 

Arms  ohIi/.     Ann»  ami  ley$.  Amu  oitii/.     Arnu  and  Uff, 

I'uaipherstoii  .        ..             (52-0",               ."iMO"  ,.  Tol)"/..               ISO",.. 

liruxburn 33;{ "  „              l)««    .,  —                       — 

Uphnll 4.J-0    „               07-0  , ,.  —                        — 

Oakbank Mb ", ,.              OS'S  •'.  „  2&7     ,              73-»    , 

• 
It  will  thus  be  seen  that  there  is  a  less  tendency  towards  eruptions 
on  the  legs  among  the  I'umpherston  workmen  than  among  the  others, 
while  among  the  Oakbank  men  there  is  a  much  greater  pro))ortion  of 
men  who  show  some  form  of  lesion  on  the  legs.  This  can  only  be  dne  to 
the  fact  that  in  some  of  the  works  the  lower  extremities  come  more  into 
contact  with  the  oily  paraffin  than  in  others. 
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Accompanying  Part  TI.,  giving  the  i  esults  of  examinations  of  the 
paraffin-shed  workmen,  are  four  charts,  illustrative  of  the  methods  of 
grouping  (see  pages  139-142). 

I  have  to  express  my  indebtedness  to  the  management  of  Scottish 
Oils,  Ltd.,  for  the  great  facilities  given  me  in  carrying  out  the  exami- 
nations of  the  vv^orkmen,  for  the  information  placed  at  my  disposal,  and 
also  for  the  great  assistance  with  the  clerical  work.  I  am  also  indebted 
to  the  chief  chemists  for  the  accuracy  of  the  information  regarding  the 
chemical  processes  which  have  been  given  here  as  of  importance  in  the 
consideration  of  the  occupation  dermatoses  of  the  paraffin  workers  of  the 
Scottish  Shale  Oil  Industry.  My  thanks  iire  also  due  to  Dr.  Aichibiild 
Leitch  for  the  results  of  experiments  on  mice  with  the  various  oils,  anil 
to  Mr.  T.  H.  Graham,  O.B.E.,  Librarian  of  the  Royal  (College  of 
Physicians,  Edinburgh,  for  the  facilities  placed  at  my  disposal  for 
consulting  the  literature  on  the  subject. 

JJroxbuni, 

July  192;$. 
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FRONT 


GROUP 


BACK 


R.F.A 


Face 
Chest 
Bdck 
Abdomen- 
f?i^ht  Arm 
Left  Arm 
Pi^ht  Forear/n 
Left  Forearm 
Pf^ht  Thi^fi 
left  Tt)i^ti 
Pf^ht  Le$ 
leftLe^ 


9. FA. 


Kiu.  I . — Ij.K.A.  a  f«w  papules  ulnar  side,  Hiid  on  posU^rior  aspect.     U.F.A.  One  papule  uluar  as)>ect  and  two  ditto 

on  anterior  aspect. 
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FRONT 


R.A 


R.F.A 


GROUP 


3. 


BACK 


LA 


L.F.A 


Warty  , 
papules. 


Fsce 
Chest 
Back 
Abdomen- 
Pi'ghtArm 
Left  Arm 
Right  Forearm 
Left  Forearm 
Pight  Thigh 
Left  Thigh 
f?fght  Leg 
Left  Leg 


R.A. 


R.F.A. 


luu.  2.— Old  .jrythemntdiis  deriimtiti.s,  botli  foreaini.«,  in  front  and  behind.     Some  scaly  warts  over  wrists  and  backs  of  lian 
One  warty  papule  rij,'ht  elbow  behind,  another  larger,  on  back  of  left  hand. 
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GROUP 


BACK 


H. 
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F. 

Face 

Ch, 

Chest 

B. 

Back 

A. 

Abdomen- 

PA 

Rf'^ht  Arm 

LA 

Left  Arm 

P.F.A 

.  Ri'pht  Forearm 

I  F.A.  Left  Forearm 

P.T. 

Pi^ht  Th/^h 

LT. 

left  Thi'sh 

R.L 

PiShtLes 

LI. 

LeftLes 

heal  ing- 

papuli 

dermiii 


I'Ki.  .■».— Heiil'mg  I'lrythenmtoiis  derniutitis  lower  tlunls  of  amis,  and  over  both  forearm/*,  w\  anterior  and  posterior  aspecu. 
Ilfalii)^  j)8jMiIar  dermatitis  over  lower  tliiids  of  tliia-lix  hikI  trout  nf  .•.u-li  If..-      Tw.i  lan.'v  flat  j>«nule)»  d<in>utn  of  left  hand. 


R.A. 


R.F.A 
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FRONT 


L.F.A 


GROUP 


o. 


BACK 


L.F.A 


H. 

Hecid 

F. 

F<ace 

Ch: 

Chest 

B. 

Back 

A 

A  bdomen  ■ 

R.A 
LA. 

Right  Arm 
Left  Arm 

R.F.A 

.  /?i<pht  Fores rm 

L  F.A.  left  Forearm 

R.T. 
L.T 
R.L. 
LI. 

Right  Thigh 
Left  Thigh 
Right  Leg 
Left  Leg 

R.A. 


R.F.A. 


Fio.  4. — E.vten.sive  indurated  erythennitous  dermatitis  of  both  forearms  on  anterior  and  posterior  aspects.  Mufli  scarring 
aud  pigmentation.  Numerous  waits  and  several  scabs,  the  latter  most  prevalent  over  wrists.  N.B.  One  large  warty 
growth  on  back  of  I,.F..V.,  possibly  il.'veloping  malignancy. 


PhATK  XXVll. 


Fio.  1. — Occupnlion  Coniedoues. 


PLATE  XXVIir. 
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PLATE  XXIX. 
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PLATK  XXX. 


FiQ.  4. — Folliculitis — Peri-FoUiculitis,  Papules. 


PLATE  xxxr. 


Fiti.  it.  —  rapulei) — rnpultt-Pustules. 


PLATK  XXXII, 


I'l.ATE  XXXIII. 


I'LATK  XXX IN 


i^'io.  8. —  Pnpule  on  Scrotum.     Note  tiny  cutaneous  horn  below  pnpule. 


PLATK  XXXV. 


PLATE  XXXVI. 
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IM.ATK  XXXVII. 


Fig.  11. — rarHlKu  Wart,  bivaking  down,  with  ceutral  necro^Lx. 


I»LATK  XXXVIII. 


I'ui,    \'J. — W'ltklv  l'a)>tiU>.     Note  tanned  K>AtIiery  npitenmiico  of  surrounding  skin,  indurattnl  deruiAtitix. 


t»I.ATK  XXXIX. 


Fio.  18. — Horny  Warts,     lo  years  after  cvMHtioii  of  work  in  I'MmlKn  departnientji.     A  {re  t^'S  \vnn. 


Fio.  14. — Large  Paraffin  W»rt,  simple,  disappeared  compleU'Jy,  no  recurrence. 


I»LATK  XLr. 


PLATi:  XMI. 


Fi«.  hi. — Homy  Wart  healing  after  senamtiou  of  central  jloujfh. 


i»LATK  XMII. 


I'LATE  XMV. 


1»LATK  XLV. 
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t»LATE  Xf.VI. 
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ri,ATR  XLVIt. 


su 
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W^ 
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I'f.ATi:  XiAfll. 


t»LATK  XIJX. 


Pf.ATR  r.. 


Fio.  24.— Chronic  derniatitis.     I<arge  wart  on  ellnm-. 


I'LATi:  1.1. 
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PLATE  Lit. 


Via,  J»». — Rodeut  Ulcer,  inner  cnnthus  of  left  eye. 


ri.ATK  Mil. 


Fio.  27. — Epithelioma  of  Scrotum.    This  man  also  had  an  epithelioma  nf  forearm. 


lM,ATi:  LIN. 


I'l.ATK  lA' 


Fiu.  iM). — Epitiiclioiiin  ot'Scrotiuu  i>r<i  \ear^  duration,  with  R-coiidHry  infection  of  injrtiinnl  ^laiid». 

Snnie  ca-*  ns  Plate  LIV. 


I»I,ATE  LVL 


Fio.  .']0. — Horny  wnrt,  siinplo.     x  10  diain. 


IM.ATK  hVir. 


Fig.  .".1.— Kpitlieliuniii  (I'l.  LI.),     x  "iO  di;uii. 


Km.  li'2. —  Kpitlielionm  ol  scrotum.     (S«'e  V\,  I, II  I.),      x  4 "i  di 


I'l.ATE  LVIII. 


Fig.  33. — rilltr  riis.-es. 


PLATE  f.IX. 


I'itt.  ai,— rackiujj  pralUa  scale. 


PLATK  lA'. 


Fig.  35. — Hydraulic  Presses. 


I'LATK  lAI. 
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PLATK  r.xn. 


I'lu.  o7. — Jittllip.    (.ieiuitil  arraiigviuviit.     i.orker$. 
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